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Introductory  Note  by  Author 

In  prypariiifT  tliis  review  of  tlie  oeeurrence.  inetallur^'y.  u^^es,  i-Iieiiiistry  and 
alloys  of  cobalt  the  autlior  lias  made  an  attempt  to  colleet  all  publi.iied  information 
eoncernin",'  this  metal,  and  has  added  some  remarks  of  his  own. 

Owinf,'  to  the  -rowinjr  importance  of  cohalt  and  its  compounds,  and  also  to  the 
interest  that  is  l.ein^'  taken  in  the  metal  I.ecaiise  of  the  similaritv  of  some  of  its 
properties  to  tiiose  of  nickel,  it  was  felt  a  compilation  and  siunmarv  of  all  s.attered 
information  should  he  made.  Besides  l.avin-  the  -eneral  information  in  accessihle 
form,  it  is  hoped  that  the  various  summaries  and  the  list  of  references  in  the  review, 
especially  those  in  the  section  on  alloys,  will  I)e  of  assistance  to  anv  investijrators 
attemptintr  to  study  the  metallurgy  or  tlie  alloys  of  the  metal  colialt. 

C.  W.  1). 

Queen's  University, 
Kingston.  Canada. 
Jnlv  1st.  1!HS. 
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COBALT 

ITS  OCCURRKNCE.   METALLLROY.    USES  AND  ALLOYS 
By  Charles  W.  Drury 


CHAPTER  I 

COBALT   MINERALS.  THEIR   COMPOSITION   AND  OCCURRENCES 

,  Summary  of  Most  Important  Deposits  of  Cobalt 

I  Of  the  present  known  deposit,  of  c.l.alt  ores  there  are  ..nlv  fiv.  that  are  eithe, 

e;n,,  workc-d  or  are  suitable  for  working  at  present,  vi.,  those  of  CobaU,  0 
Missouri,  New  Caledonia,  Belgian  Congo,  and  Sehneel.erg.  (iern.anv 

Those  of  Cobalt  arc  the  largest,  and  the  shipping  ore  ,u.d  ...n.-Jn^trate  contains 

and  500  to  1,000  ounces  of  silver.  The  higher  grade  silver  o.vs  are  associated  with 
.ale, te  in  narrow  veins.  The  cobalt  and  nickel  minerals  occur  cbi..llv  as  arsenides 
Iheorc^  of  southeastern  Missouri,  occurring  in  the  vi.initv  .,f  Krcdcricktown' 
are  associated  wtl.  an  entirely  ditferent  class  of  minerals,  as  mav  be.  s-vn  from  the 
fo  lowing  approximate  .-omposition  of  the  ore:  .app.r.  ■>  to  ;{  per  .ent  :  lead    1  5  to 

J.o;  cobalt,  0.5  to  0.7.  and  nickel,  0.7  to  0.9  p..,.  ,1...     Arsenic  1  sil!  eare  ,. 

found  with  the  Missouri  cobalt  ores.  The  copper  and  b.d  ocur  chicflv  as  sulphides 
and  the  cobalt  and  nickel  are  more  closely  associated  with  the  copper"  than  tl  e  lead 
minerals.     Iron  and  zinc  sulphides  are  al«o  present. 

In  the  \ew  Caledonia  deposits,  the  cobalt  occurs  cbidlv  in  the  oxide  form    the 

ore  averaging  .'5  to  1  per  cent,  cbalt  oxide.     Manganese. "nb.kcl  an.l   iron  ovides 

occur  with   the  cobalt. 

The  association  of  chalt  witb  ..oj.p.r  in  IVlgiar.  Congo  is  of  importance.  As 
mentioned  again  ,n  the  report,  in  1013  S.O(U  tons  of  copper,  cntainim:  from  ■>  S  to 
•  ..o  per  cent,  cobalt,  were  exported  to  Germany  to  be  refined  clectrolvtieallv.      \. 

:  this    onnage  cmild  yield  perhap.  no  ,.„.  of  cobalt,  it  is  important  when  the  total 

:    world  s  production  is  lu.t  more  tliau  alioi.    ^.00  toin 

;  The  cobalt  ores  of  Sehn  .cber^  are  associated  with  niekel  and  bi^Muitb  minorals. 

K  biMmith  being  the  most  important.     Few  analyses  have  been  published  showi,..^ 

tl  e  eo„    „t  of  the  ore.  but  those  given  for  development  work  show  about  2  per  cent. 

of  cobalt  and  1  per  cent,  of  niekel.  the  percentage  of  bismuth  beinj  considerablv 

_  niore  than  of  cobalt  and  nickel. 

^  It  is  a  most  dilTlcult  task  to  estimate  the  tonnage  of  cobalt  ores  available  or 

^  tlr  e'o  ■  J  ;:%"  "^  ^""*""   ^''"^  ^''"  '■''"^"'-'   •^•■r-i^^  -i'l  ^''  the  greatest 
.onsiderally  less  cobalt  than  those  of  the  other  countries,  are  exte„      .   nn.:  will  be 

r  aiST  0  V""' •■  ''T''"1I^ "" "'"  '"""""^  "■  ""^  ™"'  ^^"♦--  -- 1'  --^  "-V 

^  _M.»oun  Coba  t  Company,  wbnh  is  the  only  producer  of  cobalt  in  the  J-uited  .State. 
T^^  reason  why  the  deposits  of  Xew  Caledonia  are  not  b.-in.  operated  is  th; 
W  price  of  cobalt  and  the  high  cost  of  transportation.  IToweve  .  if  the  price 
of  cobalt  continues  to  advance,  there  is  no  doubt  that  they  will  be  reopened 
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Cobalt  Minerals 

Cubiiltile,  Cobiill  Glame. 

Jsonu'tric :  jtyritolicdrHl.  ('niiiincnily  in  culu  >.  nr  |i\ rit<ili('<lriiii>,  or  coinliinaiioiis 
re^sfiiiMiii;;  conunoii  foiiiis  of  pyiiti'.    Also  ;;riiinil,  r.  massive  to  compaut. 

( 'It'll  va;.'(' :  luliif.  riitli»T  |icrlVct.  Kniftiirc  u.-'Vfii.  I>rittli'.  II. =.■>.."). 
(i. =()-().;}.  Lustre  iiictHllii'.  Colour;  when  frcslily  lnokdi.  silvcr-wliitf  inclined  to 
red,  also  steel-;.'ra_v  with  a  xiolct  tiiij,'e.  or  <:rayi.<li  blaelv  wlieii  contaiiiin;.'  niin-li  iron. 
Streak  jjrayisli  lilark. 

Composition:  snlpliarseniclc  of  cohalt.  ('o.\.«S  or  ('oS_,.('o.V...  -ulpliur  lli.;i. 
arsenic  A^i.'i.  colialt  ;{.">. 5. 

Occurs  at  TunaUerj:.  Ifidilarliyttan.  \'cna.  and  liukanslii'i.  in  Sweden:  at  the  Ko 
and  Jijeike  mines  of  Nordniark  :  also  at  Skutterud  in  Norway,  (tihcr  localities  are 
Querhaeh  in  Silesia:  Sciiladniin.i:.  Siyria:  Siejjen  in  Westphalia  ( f  i-uni  the  Hainherj; 
mine,  the  ferrocolialtile)  :  ltoi)sijia,  l!unj:ary;  \'al  d'.\iini\  ier.  A'alais:  Holallack 
mine,  near  St.  .fnst.  Cornwall;  l>asehkc>saii.  near  Kli/.aliethpol.  in  the  Caiica«n~; 
Khetri  mines,  li'ajpnlana.  India.  The  ore  from  the  Khetri  mines  was  sold  to  the 
Indian  enamellers  and  jewellers  nnder  the  name  of  sclita.  Deposits  al«o  occur  at 
Tambillos  and  at  lluasco.  Chile. 

In  the  I'nited  States,  it  occurs  with  ehalcopyrite  and  j:old  in  the  <^inirtzhurir 
district,  near   Prairie   City.   (Jrant   county.   Oregon. 

In  Canada,  at  Cobalt,  Ontario. 

Smaltilc,  (hvi/  ( 'tihnU  Ore. 

Isometric:  pyritohedral.  Commonly  ma>sivc;  in  reticulated  and  oilier  imitative 
shapes. 

Cleavajre:  o  distinct:  a  in  traces.  Fracture  ;iraniilar  and  uneven.  Brittle. 
n. =•">.. ■)-().  (i.=().  t-(i.li  Lustre  metallic.  Colour:  tin-wjiite.  incliniiifi  when 
massive,  to  siccl-jrray.  sometimes  iridescent,  or  ,i;rayish  from  tariii>ii.  Stnak 
grayish  black.     Ojiaque. 

Composition:  essentially  cobalt  diarsenide.     Co.Vs...  arsenic  U.S.  cobalt  •■iS.2. 

Occurs  usually  in  veins,  accompanying  ores  (d"  colialt  and  of  -ilver  and  copper. 
Such  associations  are  found  at  Freiberg.  .Vnnaberg.  and  particularly  Schneebcrg.  in 
Saxony;  at  Joachimsthal  in  Rohemia.  the  reticulated  varieties  are  frecpieiitly  founc' 
embedded  in  calcite;  also  at  Wlical  Sparnoii  in  rornwall :  at  Tunalierg  in  Swedei: ; 
Allemont  in  Dauphine:  at  the  silver  mines  of  'Pres  Piintas  and  A'eta  niaiica.  Chib 

In  the  T^'nited  States,  it  o(<urs  in  calcite  gangiie.  associated  with  >mall  quan 
titles  of  erythrite  and  native  silver,  near  Oothic,  Ounnison  county.  Colorado. 

In  Canada,  at  Cobalt,  Ontario. 

Liiiiiii'ili',  Sicfirnilc  Vohnll  Pi/rlle^. 

Is(mietrie.     Commonly  in  octahedrons.     Also  massive-,  granular  to  comi)act. 

Cleavage;  eubie,  imperfect.  Fracture:  uneven  to  subeonehoidal.  Brittle. 
II. =.")..'».  (;.=  LS-").  TiUstre:  metallic.  Cobuir:  pale  steel-gray,  tarnishing  copper- 
red.    Streak  blackish  gray. 

(^om|)osition ;   Co.jS^zrCoS.CooS,,.   sulphur   4"^.L   cobalt    'u.'.K      The   cobalt     - 
replaced  by  nickel  (siegenite)  and  to  some  e.\tent  by  iron  and  co])per  in  varyii  :    i 
proportions.  ■ 
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Ouur.  in  j.M...i...  with  <lml,.o,.vriK'.  at  lia>tnu.'.s  nrar  I.'i.iilaii.vnan.  ami  a: 
Ma.lhaninmr.  Sw,.,!,.,, ;  at  Miis..,,,  luar  Si.-.'i,.  in  I'rnssia.  uiti,  i,arii,.' an,l  .i.l.'rit..  • 
at  Sifijen  (su'^'cnitc).  in  octalii'droiis. 

In    til..    Init.'.|    Stat.'s.    i,    .......irs   witli    .  I,i,|..„j,vrit...    |,vrrhotii,..    ..„|.,ia     and 

bormt.' ,n  a  nunilK'p  .,!•  ,„,M.',  ot- MMith.'ast.'rn  Mi,,.,„n. .......  lallv  in  .\h,,li.,„  ...unlv. 

al  Mm.'  la  Moit.' an.l  Fr.'.l.'ri.kt.nvn.  and  in  Si.  Knni.'ois  ,„untv;  ,,N.'  at  l..,\.'l,«k'-- 
Mation,  .N.'vada;  at  Min.ral  Ilill  ru^.^^v  miii, -,  Carroll  .ounrv.  Maryland,  and  ,t 
Pinksl.ui-  Marvlan.l.  a«M,.iaI..d  uitli  ,„j,|K.r  ..r,.<.  >,,l,al..rit..  and  ,,vr,t,..  in  ddoril. 

M-IUf^t. 

Kn/llirHc.  Ci.hiiU  lll„um.  /.V,/  Cuhfill,  Cdhitll  Oilnr. 

^' '■""''■•     <''-.v^'^'^  pi-iMiiati."  and  v..rii,al!v  Mriat.'.l.     .\l-„  i,.   .'l„l,n!ar  an.l 

'•'■•'it'.n..  >lmiH's  luninji-  a  dni.y  Mirfa,-,-  and  a  .nluinnar  -irunnn  :  -„n„.iin.,- 
-t.'llaic.     AIxi  pulv.'riil.ni  and  raiiliv.  ii!.  ruMiiiir. 

CN'ava-.':    I,    |,i;rl,|y   jM'rf.'.t.      S,.,til,.      IF.:-^  I..V.'..-..      ^\-■l^>,      TaKtrr    nC    I, 

ixarlv.  ..tlicr  fa.-.s  adamanfin..  to  Mti us  aU,,  .lull  ami  .artliv.     C.l.au--  .riin^.a, 

^ii^'l  (M..,-l,-r.',l.  >,.,n.'tin...s  ::ray.  Stivak  a  litll.'  ,,al..r  tlian  'tl,..  ..ol„ur.  tl...  .Ir'.- 
l"AVd(T  drcp  lav.iidcrdiluc. 

('.inipo.-itioii:    hydrous    .nl.alt    ars.'nalr.    1 'o,\..(i,.s||.,(>.      As.O     ;;s  |     (  ,,() 

;i:.:i.  ^at.'r  -I.I.     Th. hal,   i>  > ,i„„,,  ,...|.!a.-..,!"l,v   ni.kci.  i,'.,,,'  „r  iahiuin 

n,-ours  at   S,.hn..,.h,'i-  in  Sav,.,,,,  i„  „,i.,„,„„„  „,,,,,.  „,  i,,.,,,;^,,,,   ^,„„.;„„,,„_ 
.•on>i,t.n-    .d    ,ni„ut..    a-r.-at.'.l    .-rystal-.  at    Saalf-ld     in    Tlmrin::ia:    aNu    at 

J.U',1„'ls.l.,rf   „,    II,..s..:    M.Mluin    in    \„nvay:    uitli    l,i> ,1,    at    l!„l,..r    i„    II,...,.- 

AiKlalusia.  Spain:  I'i.'d.nont.   Italy.     Tl,..  ,.arthy  , hd.I,..,,,,  xari,.,i,.,  havo  I,,...,, 

ol.>m.'d  at  .Mhinont.  in   Daupliin...  Franr..;  at  t!i,.  Hofalla.k  inin...  n..ar  Sr    .?u-t 
f  ormvall:  n..ar  .\l-t.Mi    in  fainiK.rlaiMl :  and   near   Killarn,.v   in    hvlaiid       \    p.r- 
fMl\   ^rro..,,  vari.'.y  o..,.„r.  at   I'latfi,   in   TiolMiuia.  an.l  so,n..ii,n..-  r..l   and  iriv.n 
tin;.'(.s   liavc   li....n   ..liscrv..,!   on    tli,-   siiu,.   .rvstal. 

In  th.'  rnitod  Stat.'.,  crythrit..  .„•.„,•<  in',h,.  north..ast  part  .,f  Clunvhill  ,.o,.ntv 

^ovada:  near  Hlaokhinl.  L.'mhi  ..ounty.  Ida!,.,:  at  .r.,s..,,l niin,..  Mar.,..,-a  -ountv 

•n.d  at  K..|s,.v  nun.'.  I.,.s  .Vn^r.'l.s  .-..unty.  California:  al>o  at  I.ovol,,,  k  mi,,,..  Ilum- 
lioldt  county,  Nevada. 

In  Canada,  at  C.iKalt.  Ontario. 

(•h.ava.u.':  .nl.i,-.  Fr-a.tur.' :  ii„..v,.n.  T'.rittlr.  H.---.-,..-..  (;.  =  (;  s:  Tai^ir..- 
TiU'talli...     C„l„„r:  l„.t«....n  tin-whit.,  and  st,.,.|-:;,MV.     Sinak-  .'ravish   Id'i.k 

ro„,p..sition:  n>S,.NiS,.C„SI,,.XiSI,^.  A  >uipl,-a„tim.,nW  of  ...hah  an.l 
Jiickcl. 

F.umd  at  the  Rrok,.n  Hill  ,„in,.s.  i„  Willyania  township.  X...  ,„,i,  Wa!,.. 
fl-^s.j,iat(.d  with  .lys.rasit,'  in  a  .alfitc  an.l  ..i.h.rit..  imiilmi... 

f-'liillirvtlitc. 

Is.imctric:  jiyrit.du'dral.     Als.,   ninssi\,.  granular. 

Comi)(»sition  :  ,.(,halt   ars.'iiid...  f'oAs,. 

Clcava-,';  a.  distiftft.  Fra.tur.'  UM..\..n.  Briirh..  |I-(i.  (i=r,  Tg.fisfi 
Lmtr,.:  motalli...  C.,l„„r:  h..tw.>..n  tin-whit,,  and  p„l.  i„a.l-.rav.  s..m..tim.'s 
indesipnt. 
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Found  lit  Skutterud,  lumr  Mixluiii,  Norway,  in  u  liornlilondo  ganguc  in  gneiss 
with  titanite  and  robultitf,  tlio  cryi>tuls  somotinius  iniplantit!  on  those  of  cjlmltito. 

Uiimutogmaltite. 

Composition;  (.'o(As.Hi ) ,.  A  sivuttcruditf  containinj;  l)i-inutli.  Colour;  tin- 
white.     (i.==0.<J2. 

Oicurs  witii  otiicr  bismutii  niinurals  at  Zstlioriuu,  nt.'ar  Sch not' berg,  Saxony. 

A»boUle_  Asbolan,  Eurlhij  C'oball,  Wad. 

Coniposilidii ;  an  impure  mixtuiv  of  niaii^iani'M-  and"  otlirr  imtallii'  oxidi's. 
Some  varieties  liave  l>een  known  to  eontain  as  much  as  '.i'i  per  cent,  of  eobalt  oxide. 

Occurs  at  Kieciielsdorf  in  Jles.se;  in  Westerwald  district  between  I'henisli 
Prussia  and  Westpiialia;  at  Saalfeld  in  Thiirinjiia;  at  Xenliiiisk  in  Siberia;  at 
Alderley  Edge  in  (  iieshire;  Asturias,  Spain;  and  New  Caledoi''i. 

An  earthy  coliait  mineral  occurs  at  Mine  la  Motte,  JIis..ouri.  associated  with 
copper,  iron,  nickel,  leail  and  siilpliiir;  also  near  Silver  HliilT.  Soiitli  Carolina. 

Roselitc. 

Tridini.'. 

Coniiio-iiion:  (Ca.Co.Mg);,AsJt,.-.Mr,().  11. =:!.."■).  (;.=:!. .".-:!.(;.  Occurs  in 
small  crystiils:  nl'tcn  in  druses  and  spherical  aggre.L'ates.  Colour;  light  to  dark 
rose-red. 

Found  at  Schnceberg,  Saxony,  on  quartz  (  ISl'i) ;  later  ol)taiiied  from  the  same 
region  at  the  Daniel  and  Happold  mines;  also  reported  from  Seliapl»aeh,  Baden. 

Sph(n-or)htiUile. 

Rluinibnlicdral.  In  ^mall  splierical  masses,  with  crystalline  surfaces,  rarely  in 
crystals.  II. =  t.  (i.=  t.n-i-l.i;i.  Lustre;  vitreous.  Colour:  rose-red  altering  to 
velvet-black.     Streak:   peach-blossom   red. 

Conii)osition :  colialt  ca;'t)onate^CoC03. 

Occurs  sparingly  with  roselitc  at  Schnceberg,  Saxony. 

Tieininf/fonilc. 

A  rosc-rolouretj  incrustation,  soft  ami  earthy.     Streak:  pale  rose-coloured. 

f  om])osition ;  a  hydioiis  colialt  caritonatc. 

Occurs  as  a  coating  on  thin  veins  of  serpentine,  wliich  traverse  hornhleiul"  and 
epidote  at  a  co]iper  mine  near  Finksburg,  Carroll  county,  Maryland. 

Safflorilp. 

Orthorhonibic.  Similar  to  smaltite,  essentially  cobalt  diarsenide,  CoAs, 
Form  near  that  of  arsenopyrito.  Usually  massive,  sometimes  showing  fibrou- 
radiated  structure.  Lustre;  metallic.  Colour:  tin-white,  soon  tarnishing  to  dark 
gray. 

Occurs  with  smaltite  and  implanted  upon  it,  at  Schnceberg,  Saxony.  Also 
similarly  associated  at  Bieber.  near  Ilanau,  in  Hesse:  at  Wittichen  in  Baden; 
Tuniiberg  in  Sweden. 


No.  4 


1918 


Cobalt  Minerals,  their  Composition  and  Occurrences 


gneiss 
Imltiti'. 


ir ;  Uii- 


lionv. 


oxidi's. 
t  oxide, 
'hellish 
■ria;  at 

.'d  with 


•urs    HI 
lo  dark 

10  saiiu- 
ndeii. 


irely  ir, 
ring  to 


I  rod. 

ml"  and 


CoA=, 

fibrou  ■ 

to  dark 

•.     Al>. 
Badon ; 


(JItiucodot, 

Jn  orthorhunihic  crystals.     Also  iiuismvo.     Brittle.     ir.=5.  -fUO-6.01. 

Lustre;  metallic.     Colour;  firavisli  tiii-wiiite.     Streak;  black. 

Composition;  a  suliiliarscuide  of  cobalt  and  iron.     (Co,Ko)AsS. 

Occurs  in  chlorite  slate  with  cobaltite  in  the  province  of  Huasco,  Chile;  also  at 
Ifakansbo,  Sweden. 

A  Uoclasile. 

Commonly  in  columnar  to  liemisphorical  aj;>.'re^'atos.  II.-.  1..'.  0.=6.6. 
Colour:  steel-i.'ray.     Streak :  nearly   lila<k. 

Composition;  probably  essentially  Ci.(As.i5i  ).S.  with  cnl,i,lt  in  part  replaced  by 
iron;  or  a  plaiieodot  coiitainin<:  bismuth. 

Occurs  at  O'-awitza,  Hungary. 

liithrrilr. 

Cciniposilion;   hydnuis   cobalt   sul]iliate:   CoSO^.';  II  .(>. 

Occurs  as  rose-coloured  stalactites  in  tiic  old  mines  it  Biel.or.  in  llessc ;  at 
Leogaii^',  in  Salzburg;  at  Tres  Puntas,  near  Copiapo,  Chile. 

l''ohnllomrnite. 

Proljahiy  cobalt  sclenite,,  CoSeO.,.2n.O. 

Occurs  with  chalcomcnitc  (hydrous  cupric  selenito),  at  Cerro  de  Cacheuta. 
Argentina. 

Jiiipurlte. 

Composition:  described  as  a  simple  cobalt  sulphide.  C.,S.  occurring  nias-ive. 
0.=.'). J,').     Colour;  steel-gray. 

It  is  stated  that  this  mineral  was  used  by  Indian  jewellcri!. 

■tCnnoUUe. 

■S        Isometric,    rarely    in    octahedrons.      Tsually    massive.      11.=  ')..'.      ri.=4.85. 

I^'olour;  light  steel-gray,  with  a  faint  reddish  hue. 

I        Composition:   a    copper    cobalt   suljihiile.    CuCo,S,  =  CuS.Co,S,.    cobalt    38.0, 

copper  20.5,  sulphur  41.5. 

Occurs  at  the  Patapsco  mine,  near  Finksburg.  Carroll  county.  Marvlaiid.  and 

also  at  the  Springfield  mine,  associated  and  mixed  with  chalcopyritc  and  chalcocite. 

Sychnodi/mite. 

Isometric,  in  small  steel-gray  octahedrons. 

Composition;  essentially  (Co,Cu)^S,.  Part  of  the  cobalt  may  be  replaced  by 
nickel. 

Occurs,  associated  with  quartz,  siderite,  and  tetrahcdrite,  at  the  Kohlenbach 
mine,  southeast  of  Eiserfeld  in  the  Siegen  district.  Prussia. 

PnteraHe. 

An  impure,  massive  minei'al  of  black  colour,  supposed  to  be  a  molybdate  of 
robalt.  Vogl  discovered  pateraite  associated  with  uranium  ores  in  the  Elias  mine, 
Joachimsthal,  Bohemia. 
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Trtnmiiinlih: 

An  oxiilatiiiii  itroiliirt  of  tolmlt  iirM-iiule. 

Od'iir.'-  in  li'iM'k  nii<liilar  masses  forming  Vi-ins  in  (|uart/itc  at  n  cnUait  ilcpn-iit, 
30  niih's  iiortii  of  .Miilillrliiir;.'.  Ti'an>\aal.  Suutii  Africa.  .Vu  anal}>i!«  ol'  a  >aiiii>'i' 
of  trnnsvnnliif  -Iniucd  I  »/■.  \'i  ihvt.  uf  jjold  jut  ton. 

Uvu'roi/fiilli' :  lliiiliiii hilr :  Witd'hrili'. 

Tii'v-c  art'  livilratrii  oxidi/.i'il  lulialt  niincial-.  riiiilainiiij,'  nickel,  co|i|>i'r,  iron, 
(ir  Manjrancso. 

{'('liait  i-  al-ii  an  i>cca«i()iiai  c(in-titncnt  uf  many  ntlii  r  niincral>.  c«|M'ciall_v  nl' 
jiyrritotiti'  (-iil|iliiilc  nf  inm)  nml  ar»ciiii|)yritc  (-iiliilnir-cniilc  ol'  inm),  iiml  i« 
usually  |irc<fnt  in  nickel  (ires.  I'oliaitircnius  \arictii'»  nl'  ar^cnc>|lyI•itc.  kiinMn  a- 
ilanaitc,  arc  |iriil>alily  ilin-  tn  isiinnirplinus  inicrjxriiwths  of  ^'li'ii'inlnt. 

Metallic  ciilpalt  lias  liecn  recunit  li  :is  nceurrini:  in  inete<prites. 


Summary  uf  the  World's  Cobalt  Deposits* 

*\  liir;;c  |iiiii  111'  the  ili'siri|itiiiii  nt'  the  wmM's  col  ,it  ilc|n).sits  us  aiveii  in  tliis  scclinn 
is  taken  fiDiii  the  Xiiielei'iitli  Aiiiiuul  Ke|ioit  iit'  llie  Oiitarii)  Kureuu  of  Mines,  I'art  II,  liv 
Willet  (!.  Miller. 

Qermany  and  Austria 

Deposits  (if  ccilialt-siher  ore-  rc-enililin;;  t'lo.-e  lound  in  the  \icinitv  of  Colialt. 
(anaila.  arc  fouml  in  (icrniany  and  Austria.  The  t\\  •  areas  in  these  countries  aii 
those  of  .Vnnaltcr^  am!  .loachinistlial.  Miniiijr  was  >  .  ^'iiii  in  the  latter  almut  the 
einl  of  the  lifteenlh  century,  while  it  is  -tated  the  (le|iosi|s  ,,{'  the  former  were 
discovcreil  in  1  l!'"i. 

The  lire-  of  liio-e  two  re'.'ion>  are  similar  to  tiio-c  of  Ontario,  and  contni:i 
compounds  of  colialt.  nickel.  I>ismut!i.  anil  silver,  with  the  ore  of  uranium,  which 
Inis  not  hcen  found  in  the  Ontario  ijeposits.  The  rock-  lielonjr  to  the  older  system-, 
lint  are  dilTerent  in  compo-ition  from  tlio-e  of  Cohalt. 

\t  .loaehiinstiial.  in  Itoheniia.  there  is  a  scrie-  oj'  mica  schist  ami  limestone 
cut  liy  dikes  of  liasalt.  'i'hc  vein-  are  -aid  to  he  idder  in  ajre  than  the  hasalt.  and 
younjier  than  tiic  other  rocks  mentioned.  'I'iie  vi>iri>.  which  are  narrow,  contain 
(ptartz,  liornstone.  caleite,  and  dolomite  as  ;:anu'ue  material,  nml  often  -how  n 
hroeciated  structure.'    The  mimrals  of  these  veins  are  iriven  in  the  I'ollowino-  list: 

1.  .*<il\er  ores:  native  silver,  aro:enlile.  ji.dyhasite.  stephanite.  letrahedrite. 
proustite.  pyrariryritc.  and  stcrnhcriritc. 

?.   Xickel  ores:    niccolite.  chloantliite.  auij  millerite. 

;i.  Colialt  ore-:   -maltite  as  well  as  hi-inutli-hearin;r  iinna'ite  anil  a-holite. 

4.  Bismuth  ores:  initive  hisnuith  tojrether  with  liismuthinite  and  hi-mut'i 
ochre. 

r>.  .\rsfiiic  fires:    native  arsenic  and  ar-cnical  jiyriles. 

(i.  Uranium  ore:  uraninite  or  pitehhiemle. 

'Bock.  Kvzla}:iTst!itton,  p.  290,  190.1.  Heysclilagr,  Krnsi-li  nml  \..ct.  Die  T.ajierstiitten  iter 
Xiitzlinron   Minenilieii   innl   (Jest. 'inc.     StelznciHerycnt.   Die   Ki'.Iii;;e.»tiitten. 
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A"i>'ial<il  Willi  ihcv  lire  ;;;iliiiii.  zinc  Idciiili'.  pviiic.  iiiiina-ilc.  ami  cciiip.'r 
|i_\riti'-. 

Aiiionv  tlii-r  CUT.  tlni'f  id'  ..ilmlt  iiihl  iii.kfl  iin-  .x'fiirnillv  the  til. In- :  tliov  nl 
silviT  llii'  Miiiii;.'iT.  Tlif  M'iii-  (lit  ilir.iiii.'li  ilikc.  i>(  i(iiiirt/!-|)iir|>li>  r\.  ninl  arc  in 
turn  cut  li\   liasilt  ninl  later  tliki-. 

Of  similar  i  nni|ii>.iti(iri  to  tliox'  i.l'  .lnacliiniMlial  arc  the  vein-  i>(  Atinalicr;.'  in 
Savoiiy.  Ill  thi-  iiciy:hiMiiirlio(M|  the  r.xk  is  ;.'rav  ;:nci-..  'I'licrc  arc  two  ;:r<>ii|i-  »( 
Vein-,  lint  llic  \(.niii.'cr.  carrviny:  the  >il\cr-(i.lialt  nrc.  arc  the  nunc  iiii|iiirtant  «( 
tlic  lire  liiMlic,  The  L'anv'ue  material  i.  ihieily  liaritc.  Ilimr-iiar.  unart/..  and  lireiin- 
iicrite.  with  \aritiu>  cnlialt.  nickel,  aini  liisniiith  oro.  \i/..  chluantliitc.  -niallitc.  rd 
anil  whiti'  nickel  |.vritc..  annaln'riritc  nati\c  lii-niiitli.  ami  rardv  lii>miitliinite.  Of 
tlic  «il\cr  (iic«.  |iyrar;:\rilc.  |irciii.|itc.  aiviiitile.  iiati\c  -ihcr.  ainl  -iUcr  clilciriijc 
arc  fiiuml.  Tlic  .iil><>rilinate  v'i»ii;:uc  inineraU  arc  licini^timc.  ciialceil.in\.  anictliv«t. 
calcite.  ara;:'initc.  kadlin.  ami  ^'V|i-iini :  while  anmn;.'  ihc  ..re-  are  cii|i|icr  |ivritc-, 
,<:ak'na,  zinc  lilcmlc  pyrite.  inarca-ite.  tctraiicilrite.  >i(leiitc.  nraiiinite.  iirannchal- 
cite,  nraiiiichrc.  i^iininiite.  ami  iiati\e  arsenic.  The  I'act  that  a  lar;:c  amount  of 
-iiver  chloriilc  wa-  mined  at  one  time,  is  intcresiiny. 

Friini  a  larnc  niimlier  nf  iili-crvatinns.  tin'  I'lillnwim:  i*  ■j:\\r\{  a-  the  relative 
a.iTi's  of  tile  \ariiiu-  minerals  i<\'  t!ie  .\iinalicr;.'  mmii-: 

\'.   I>ecom|Hi.itiiiii  |iiiM|nct«:    aiinal'eriritc  ami  cuhalt  Moom. 
IV.  Silver  ores  and  native  ar-ciiic. 
1 11.  < 'alciic  and  nraniniti'. 
II.  Hrcunncrite  ami  cdlialt-nickel-liisinutli  ore*. 
i.  Rarite.  llmpr-|iar.  and  i|iiartz. 

The  >ilver-c.plpail  vein-  cut  tl Ider  tin  am!  lead  vein-  i.l'  the  di-trict  as  well 

a-  the  dikes  i.l'  micrneranite  and  laniprn|ijiyre.  The  latter,  c-pcciallv.  are  dl'teii  i  iil 
Ipv  tile  -ilvcr-ciilialt  vein-.  The-c  are  cut  liv  lia-all.  wliidi  nccnr-  imt  milv  in  true 
(likes,  hut  also  in  Im— like  I'lirms. 

Sdnicvviial  -iinilar  -ihcr-cuKalt  ore-  arc  riaiiui  in  r,  itaiii  vein-  at  SchncchcrL'. 
iiul  tin  V  arc  ih.i  -o  -trikiiivdv  like  those  of  .loacliini-thai  and  Annaheri.'.  .V  like 
as-ociation  of  ore-  i-  found  at  W'ittiiiieii.  where  the  veins  occur  in   irranitc. 

.VccordiiiL'  to  \'oii  Coiia.  the  rock-  of  the  .loachiin-thal  di-lrici  con-i-t  of  mica 
-cliist.  toircther  vviili  more  or  les>  liornMcmle  sdii-t  and  crv-talline  limestone,  the 
whole  hciiiu'  cnt  '>\-  iinincrous  dikes  of  (piarlx-porphyrv  and  ha-alt  Tlicre  are  also 
two  lar;:e  i.'ranitc  ina-cs  which  rise  out  of  the  mica  -chi-t.  There  arc  lodes  of  tin. 
silver,  and  iron  coinponnds.  Tin  i-  loiiiid  only  in  the  ;:ranite  reiiioii.  Silver  lodc- 
are  dividdl  into  four  ;:roups  fairly  distinct  from  one  another.  One  -et  contain^ 
ahout  IT.  while  another  lias  -'I  lodes.  There  are  al-o  others  which  do  not  come  to 
th.-  surface.  Von  Cotta  also  states  that  hoth  classc-  ,,f  I.mIcs  intersect  the  mica 
sclii>t.  with  all  it-  -iihordinate  sHata.  (piartz-porpliyry.  and  oft( ;,  even  the  dikes 
of  hasalt  and  vvack(':'  and  that  tin  ,"e  seem  to  he  cases  wliere  dike-  of  the  liasalt  and 
wack(!'  have  intersected  lodes  or  li-  V(>  penetrateil  their  fi-sures.  From  this  it  mav 
ho  (leduoed  that  the  silver  lodiv  were  almost  conteniiioraiiedus  with  the  formation  of 
the  ha-alt.  in  that  their  fissures,  in  part  follow  the  hasalt  dikes  and  in  ]mrt  arc 
intersected  hy  the  ha-alt.     At  all  events  tlu\v  stand  in  a  rertaiti  jrenetie  con.iection 


'  Wacke  is  an  (iM  term  fur  n  siift,  pnrtliy  varioty  of  tra|i  loi-k. 
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to  tJio  |M)rpli)rv.  wlii.l.  hero  i»  evidently  of  much  jjnattr  ago  than  the  ba«alt.  The 
Mihject  is  HtiU'w.mewhat  oLscur..  Thr  silu-r  UU-*  h.iv.-  not  yt  U'vn  foun.l  in  th.. 
jrranit.'.  Oth.T  writt-n.  do  not  nffrn.  witli  V..n  Cottn.  a.  th.v  ai.i«...'  I  '  !«■  "f 
()]>ini(>n  that  »h<-  Imsalt  in  younpT  than  thf  \v\m. 

The  foUovvin}?  nof«  an-  taken  fr.-ni  Phillip*'  "  Orr  I).p<.Mt«."  p.  43«.  1^!»G. 
The  mountain!,  known  a*  Krz^.-l.irp'  lie  on  the  hoimdarv  In'tween  Saxoiiy  nnd 
Bohemia,    .lonchinisthal  li.«  .m  tif  HolimiiMii  sid.'.  and  i<  llun-fore  an  Au-tnnn 
town,  while  AnnaliiT^'  is  in  Saxony. 

The  .ountry  n..k  in  ili-  nei-hl.nil.o,,.!  of  .l..a<liim^thal  \*  f.-r  the  mo.t  part 
mien  schist  enclosed  iM'twe.n  ma-se*  of  «ranile.  In  the  eastern  part  of  thr  n.iiie 
there  are  some  nmsscs  of  in.lu.ied  limestone,  l.nt  in  the  we-tein  part,  where  ili' 
veins  are  not  infre.p.ently  assoeiated  with  dikes  ..f  porphyry,  the  v'anjr.ie  i-  '"I'l'-t 
ouart/.os,.  There  are  -ev.nleen  \ein-  strikini:  north  and  ...utii.  and  .e\entr..n  others 
of  whieh  the  direction  i,  east  and  we,t.  It  has  i«.en  .on-tantly  ol.vTve.l  that  th.' 
former  exliihit  a  ten.lei.ev  to  he.'ome  enri.hcd  wliere  they  pa-s  tl.nm-h  thr  i.ori>hyry 
or  inelude.1  limestone,  whih'  the  latt.T  i>  not  .imilarly  alTeetrd  wh.M.  they  ron.r 
in  contact  with  th-sc  rocks.  Tlf  ore.  mined  contained  sdvcr.  col.alt.  nickel. 
bismuth,  and  uranium.  The  uranium  ores  of  .loadiimsf.ial  Kecanie  valuahlc  a 
few  years  ago,  when  it  was  found  thai  uraninite  wa<  th..  .hi.f  .ommercial  source 
of  radium. 

In  IHGl.  when  one  shaft  !iad  iva.lu.l  a  .lepth  of  i.t  10  fct.  u  lieavy  outhnr  of 
water,  at  a  temp.Tature  of  2.V('.  an.l  .vohin-  sulphur..tted  hydrojren.  t..ok  phuc. 
and  preatly  interfered  with  nnd.Ttfronn.l  operati.uis.  It  wa<  twc  years  hef..rc  this 
water  could  he  suc...ssfully  tul.lvd  ..IT  an.l  mining'  c.>ntinu.'d. 

('..halt  minerals  as,Mieiat.il  with  pranitc  are  found  in  sev.'ral  otli.T  l..caliti.>  in 
the  Erzg..hir^'.'.  as  w.dl  as  at  Wittichen  and  at  W.dfa.h.  in  th.'  Hia.k  F..rest.  when' 
the  veins  occur  in  f,'ianite. 

In  Thurin;;ia  fault  fissures  in  the  Kupfersehiefer  and  Zeehstein  are  fille.l  witli 
baritc.  calcite  and  fra^'ments  of  the  country  rock,  tojfcther  with  smaltite.  asholite. 
and  erythrite.    They  have  been  worked  especially  at  Sehweina.  near  Liebenstciii. 

The  pala'..piirite  .if  l>illtiihur<j;  (N'assau)  contains  col.alt.  to^rether  with  ni.kel. 
copper,  and  bismuth.  .\t  tjuerhach  and  Giehren.  in  the  Riesenjjehirjre.  the  mica 
schist  near  the  cntact  with  gneiss  is  imprej;nated  wUli  cobaltitc.  chalcopyrite. 
pyrite.  pyrrhotite,  arsenopyrite.  blende,  jralemi.  majinetite.  and  eassiterite. 

In  tlie  Fichtcljrebirjie,  ores  of  cobalt  and  •  ckel  are  associated  with  siderile. 
bismuth,  and  haritc.  Sidcrite  and  copper  ores  are  found  with  them  in  the  Siegen 
district.  Prussia. 

In  Alsace  veins  of  smaltite,  chloanthite  and  native  silver  in  a  calcite  ganguc 
were  formerly  worked  at  Sainte-^Iarie-aux-Mit.es. 

Messrs.  Schmidt  and  Verloop '  have  described  the  cobalt  and  nickel  deposits  ..f 
Schladming,  Styria.  The  predominating  ores  are  given  as:  niccolite,  chloanthite. 
gersdorfTite.  and  smaltite.  Native  bismuth  and  arsenic,  arsenical  pyrites  and 
lollingite  are  also  found. 


'  Schmidt    ami    Verloop.    Xofiz    iibor    die    Lar      -if  to    von    Kol.alt    und    Nickclerzen    1i.'i 
ScliIadmiTig  in  Steiermark:  Zeitschr.  prakt.  Geologic,  Vol.  XVII,  ISIC.  pp.  271-275. 
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Duriiip  the  period  from  is;  t  to  IhHO  Hhtc  wi-rc  olitnincil  viMl  '..ih  of  orr. 
cuiitninin;;  4,4i>7  ouncm  of  silver.  I!)^  iv/iikN  of  binniuth,  8T^>  |Hiiiii>t't  of  uriinio 
oxiilf.  r'>  toii«  of  ariK'iiii',  iiml  Itll  iioiiihIa  of  rulmltnii  kil  with  n  liltlo  Nml,  rcpro- 

Mlitill,!.'  U  totlll  Vlllll'      .f  Cl.liH;. 

AlKMit  .lii^  tiiiu  It  iM't'iiiiii'  I'xiili'iit  tliiit  till'  iiranic  nxjiit'  ua>  iIk'  iii<»t  Miliiaiilc 
j)riiiluct  of  tlii'M-  niiiu"-.  iiiitl  \V"rkiii>,'*  wiTc  I'mn'oiivlly  ilimti'il  to  rli\.l..[i  thf 
iiiincral-t  vicliliiijr  it. 

Till'  St'liiici'lMTv'  iiiiiii'-  diiriiij.'  till'  year  l^f*!  proiliicfd  ir>s  tmi-  i>f  iii.  ki'l  nml 
('(.lialt  ore?,  valued  at  t-'i  .!»()•» ;  l,.'t|.'«  tons  of  -iivcr  on.  niul  r»!)  ton<  of  Ki-mutii  ore, 
Mortli  C;i.2!)-.'  and  Cir,.!i:i:t  r.'^|Hvti\rly. 

Till'  prodiicfioM  of  (Miliait  ore  in  I'rii-'ia  and  Havaria  i''  given  imIi.w. 
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Cobalt  products  were  nindc  in  Prussia  continuously  fruin  lf<^<'i  to  1911.  No 
cobalt  ore  was  produced  in  Prussia  after  1!»00  and  very  little  since  1897,  so  that 
most  of  the  ore  treated  must  have  been  imported. 

In  1884  and  1885  only  was  there  any  production  of  col>alt  ores  in  Bavaria. 
Djiring  these  years  there  were  produced  lG(t  tons  and  349  tons  of  ore,  valued  at  $r>0() 
aid  $1,050  respectively. 

'  Most  of  tho  fiiiiires  in  this  nnc'  ♦'■-  followiiic  tallies  wore  taken  from  the  Mineral  Industry. 
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;  Slhrr.  iiiliiilt,  iilnl    llirki'l  iirr«   •ulllrullilt    >iniiliir   to   t'lo r   iMl'MlilllN    III  >  III'    i'l 

1  iiitw    \  "f  iiiirniw  \fiii«  ill  trv'tiilliin'  -'Iii«l  iit  tin-  •littliiiii  In-,  in  tin'  hitii|>liiiif. 
j    KiHiiif.      Tlu-r   (lf|M^.it-    wiTf   tli«i  4(\iri  il    III    liiil,    iiimI    \\»\f    l>  iii    i|f.  i  iImiI    U\ 
]   T.  A.  I.i.  kiinl.' 
I 
1 


Till'  I'lilliiM  iiii.'  Mill''-  ill!'  Iriiiii  Mr.  Wii  kiiril'»  |M|mt; 


Diiritiu  Itii-  I'lii.  '  (N'riiiil  of  niiiitnu  iit  llir  <'hiilniii-hi'K,  «iiim('  l>iiilii'«  .if  riili  "ilMT,  iiirkri. 
Atlil  rcihiilt  nil'  \\r\i-  fiiiilnl  tlinr  tlic  Kittm-r.  It  in  «ilil  llilil  twn  •li>>l<  |iiiiiliiiii|  .iirtlririil 
»llvfr  Id  |i!i\  I'm  llii'  tttii  l>iiil<llii;:>  kiiiiuii  ii>  iIh'  |.ii\illiiii>  nf  AIIiiiikiiI,  uith  iIhh  \iiri<ii!< 
nrrmmrntnliiiii",  iiiiluiliiiu  tlir  Hi'iir  ilr  lin  wliii'h  »lill  inlniii  tin-  muf.  Ax  -tin  to  .'!iin  kil"' 
iif  nilvi'r  Miiiijil  Ml  tliiit  tiiiK'  Ih'  Wiirth  fnini  i^Iii.ihhi  tu  i^l.'i.iiitti  Mii«  .-liiti'iiii'iil  'Iih'>  nut  •I'liii 
Imrrilllilp. 

It  in  rtniiiiktiMi'  tlii.t  tilllioiittli  tin'  oIImt  I'  iiltviiva  n««<ii'iiiti'.|  in  ilii>  IimIi'k  uitli  lirli 
nirkrl  ninl  riil>iill   nn-n,  nflrii   «illi   liiiiiili4'<  '•(   ulilmilr,  iiinl    iimri'   riirrli    iiinl  crnitii'iillv   Willi 

jjiiM,   til"   U"*''""!"'!''    iliuili''''l'    liHik    nil    liiitii t    liny    inrliil   ntliri    tliiin    '•it\i'r.      Tlir   «|M'i«»' 

riinlRii  ill,;  nickt'l  iinil  I'liluilt   nitN  rrji'i'li'il  with  tin'  i>Iiiuk,  iinil  wiik  nn'il  In  till  tin'  i<wiiiii|i»  or 

fiirm    iiMi"    Im'iI*.    wliii'h,    in    liiti'i    tinii-,    wcii'    I'iiikihiiI    iiinl    liiini'il    nvn     In    ii \ri     llirir 

valu.it>lt'  mnlrnt". 

TllP  |Hii.«iliilily  (if  iitili/inu;  llili't'  nirlnl'<  iii^-ti'iiil  of  mil'  "itiii-  to  liinr  illiwiiril  iijinn 
tin'  cnyinri'i*  i|iiili' ii«  ii  ilisi'.ivcr.v ;  niiil  thin  fni't  -itiiniilnti'il  Ilir  ii'|ii'iili'il  ^iniKiiiiiilir  iilliin|il< 
I'l  ri'hiiliilitiiti'  till'  iilil  niiin.  Tin'  iiiMt'niili'ii  nl  nirkcl  iitnl  rnluilt  ui'ri>  r<iil<l  in  Kni^lnml  ninl 
Iti'iinnnv.  A  Oi'ininn  rlii'iiii«l  um»  i-niiilnvi'il  nl  Alli'inniil  In  iniiniifiirtiiti'  rnlmll  |ii;inn'nM 
fnr  till'  iiiN.  Iiiil  H.i«  init  »ii *»fiil,  mill  tin'  nttriii|it  \\u*  hliiiinlniicil. 

Ill  l»!i|  ii'iM  \vii»  llisl  ii'ciinni/i'il.  llnHcMi,  in  ini|Miriiiiii't'  |iiiivi'il  "ii'iitiT  fmiii  ti 
<ii'ii'ntilii'  Ihiin  finiii  n  inninn'ii'inl  |iiiinl  nf  \ii'\v.  Tin'  nl<l  mini' wnrkinu«,  ni;uii';;i(lin;;  ~» 
kilnnii'lti's  in  Irnylli.  -iliiiwi'il  lliiit  ii  liiriit  ilrnl  nf  iin«iiri'r««fiil  i'X|ilniiitinii  Imil  Iiitii  niiiii'il 
out. 

Till'  lirnlnyirnl  fiiininlinii  It  siiniilr.  \  nrlwnik  <<f  vim-  lriiM'i«i'"  ri  \  "tiillinr  »rlii''l< 
of   vnriiilili'    rliiiiin'trr.      Til mitiv    inrk    fniiii"    !i    |inil    nf    tin'    yii'iit    ri\«tiilliin'    fniiiinlinn 

llSlllllly  ri'frtrr'l  In  ll»  till'  .Nll'llllil-  KillislH  nf  llir  \l|i»,  lllnllull  in  |inint  nf  fai'l  lln'\  plnlnililv 
illl'linli'      |nrk«      finlii      llic       \irl      ii       '.•      tlir     ( ':i  I  I  iiMi  i  ,'i'i  nl|a.       !,il  llnln.' ii'ii  II  \ Illlin      si'i'liilll* 

!"i;;«|'»t  till'  Iliiiniiiiin  ninl  I.iiiiiriitinn.  Tlirsc  •ilii?.ts  lii'  ininii'iliniily  ii|inn  tlir  yinnitr; 
tlii'v  nil'  I'Nliinirlv  vtiiinlili'  in  iliMiiirln.  -in  thnt  nl  ililTrii'iit  iiliiri"  tiny  inn  In.'  ili-ri  ilii'l 
•,n  yni'i>«iiiil,  ;;innitniil,  tiilrimi'.  niirni'rnii<i,  |;iii|i|iit  ir,  iir  lini|i|iiliiilir.  TInii'  nii'  nUn  lilnrli^ 
of    loi'k    rnnlninini;    r|iiilnlr 

Till'  Min|i«  nf  till'  iiiini'  I'xliiliil   n  womli'ifiil   niluoik   of  ynlliiii'>  -loi'inlin;;   likr  n  inliwili 
oM'r  nil  iiri'U  of  nlmiit   (i(i(i  liy  .'.nil  nnlii'!'.     It   i."  rniii|iMli'.l   Hint    tin'   w.nkinus  n;;^ii'i;!ili'   in 
i  length  lint   h'fn   tlinn   twi'lvi'   iiiili'H,  iiii  I'xli'nt   in   irinnrknlili'  rontrn?>t    In   tlir   nlntivrly   ininll 
"i|imnlily  nf  om'  |.iniliiii'il. 

I  It    linii    lii'i'll    lliniiulit    liy   sovrrnl   nlixorvi'is   llilit        i-   Imlrs    wi'ii'    inoii'    niinii'iiiiw    nriir   tin' 

iMMifnri'  tlinn  in  tin'  intiiinr  nf  tin'  mini'.  T'  is  i.«  ihii'  In  tin-  fnrt  Mint  iiny  sin^lo  rHsiiri'.  in 
;nppio:ti.|iiny  tin.  Miifni'i'.  .iprrnilii  it<<ilf  niit  into  n  niimlii'r  nf  !>iilinri|iiinti'  f i:irtiiii.«.  It  lin* 
Inl'n  ii|ipi.riir.|  tlmt  tin'  loili'-.  unini'il  in  ii'milniitv  ns  tliry  |ii'n('tint<'.l  llin  iinmnlniii.  Cnillniiv, 
|llii'M'fnri'.  n.l'N  'lint  l!n>  fiu't  Mi'i'mx  tn  imlii-ati'  tin-  jnolinlili-  ni'i'iiiii'iii'i'  in  il"|.lli  nf  nnly  n 
sniiill  niiniliiT  of  Imlrfi,  Imt  Hint  tlinsr  siirviviii;:  will  linvi'  n  loyiilnrity  of  sinn'tiiir  uii'iilt'i 
tlian  tlin.<i'  wliiili  linvi'  Iiitii  liitliiTtii  i'X|ilniti'il.  Tin'  vrins  vary  in  wiiltli  frnm  n  knifi'Mmli'  I" 
Ml  I'riitinntri'''  i  .".1  .."i  incln'"  '  :  tlirir  iicu.il  tliirkin^s  lii's  In'twri'ii  ;!  tn  :10  i'i-ntinn'lii'!>  ili.l  to 
Jl    font). 

r  Kxaniinntinn    nf    tin'    nl.l    wnrkiiiKM    )>iiivi'S    rlrnily    Hint     fnrllnr    fnnn    tin'    siiifmr    tin' 

|<iiMniry    mrk    uits    linnirr,    tin'    vrin    mnttiT    lonri    its    soft    rlininctrr,    ninl    llio    voins    In'rnmi' 

lli'Hi'i'   in    iiiiiiiIki,    ninii'    n'Uiilnr,   iianowrr,    and    Irss    oii'lirariii;;.      A|i|iiiini'liinkl    tin'    .siiifi 

ion  till-  c'onliniy,   tln«  svliists  nii'   fiai'Hiii'il    in   a   miiltipli.ily   of  iliii'rtions,   tin'   vi'ins   In nir 

ilaTpjir.  Hii'ii  tilliii;;  is  yi'in'rally  caitliy,  ami  lliry  tlimw  iitT  liranrllrs.  at  tin'  tiiti'i>i'i'linn< 
^cif  wliii'li  till'  oil'  lioilii'i  an'  fniiml.  In  };i'ni'ial.  mini'rali/.ation  liiTomrs  niori'  pioiniiinii'il  iirai 
III!'  sinfacr:  this  liriiiy  iliii'.  not  mi'ii'ly  to  Ihr  oxiilatioii  of  llio  siilpliiili's,  Imt  to  nn  nrtiial 
Ti'lativi'  ini'ii'asi'  nf     oii'v'  niatti'i'. 


'Rirkanl.  Till'  Mini's  of  tlii'  Clialanrlii's.  Kiaiii'i'.     Am.  Inst.  Min.  Kn^'.  Tians..  Vol.  \.\1\'. 
3]Sii4.  pp.  i;yi.7ii.-). 

'Sni'is.     is    a    pimlurt    fmi I    in    snu'lliny    wliirli    ronlains    most    of    Ww    nii'tals    in    tin' 

form  of  ar.scniilon. 
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The  observations  led  to  the  conclusion  that  the  richest  part  of  the  mine  wns  that  which 
was  within  the  influence  of  oxidation,  and  that  both  chemical  agencies  and  stnu'tural  con- 
ditions favoured  an  enrichment  of  ore  near  the  surface.  This  statement  is  particularly 
applicable  to  the  silver  contents.  It  also  holds  true  of  the  gold,  but  it  is  less  accurate  with 
respp^i.  to  the  nickel  and  cobalt.  The  richness  in  silver  of  the  oxidized  ores  suggests  secondary 
prrcipitation.  This  is  confirmed  by  the  fact  that  the  silver  appears  to  be  thrown  down  upon 
the  nickel  and  cobalt  arsenides  and  ofirn  envelops  them  in  such  a  way  as  to  impart  the 
radiments  of  a  nodular  structure.  The  Imrd,  undecomposed  arsenides  contain  small  amounts 
of  silver.  The  gold,  occasionally  present,  is  associated  with  soft,  maroon-coloured,  earthy 
iron-bearing  vein  matter.  The  nickel  and  cobalt  minerals  appear  to  be  primary,  and  nro 
more  persistent  than  those  of  silver  and  gold. 

If  wo  accept  the  current  theory  that  tho  nickel  and  cobalt  came  from  the  leaching  of 
magnesium  silicates  (and  facts  are  numerous  pointing  that  way),  then  we  must  conclude 
that  the  origin  of  the  niekel  and  cobalt  ores  of  tho  Chalanches  was  not  tho  immediately 
adjacent  rocks,  but  ones  similar,  which  underlie  them  at  a  greater  depth.  The  silver  and 
gold,  it  may  be  suggested,  were  precipitated  from  other  solution?,  and  at  a  period  other 
than  that  which  saw  the  deposition  of  the  nickel  and  cobalt.  The  precious  metals  were 
prol)ably  derived  from  a  deeper-seated  source,  and  may  have  been  leached  from  the  granite 
which  underlies  the  schists  and  is  penetrated  by  the  basic  eruptives.  In  both  cases  the 
various  metals  must  have  come  from  a  depth  where  leaching  action  was  powerful,  and  from 
which  ascending  currents  brought  the  metallic  constituents,  the  suljscqucnt  precipitation  of 
which  produced  valuable  ore-deposits. 

Quartzose  veins  containinfr  fcrriforoiis  smaltitc  wcro  proi=pcctcfl  in  1784  at 
Juzet,  near  Xanro.  .M(intanban-de-Lucli(>n.  Ilaute-Cianmne.  The  ores  proiluccil 
tojrefhcr  witli  tiiose  fmni  Gi.^itain  on  the  Spanish  side  of  tiie  Pyrenees,  were  treated 
at  Saint-ifarnet. 

Norway 

Tlie  foUowinir  desirij)tion  of  the  cobalt  dejiosits  of  Norway  i.s  jiiven  'ly 
Phillips:' 

Tho  cobaltiferous  fahlbands  of  the  districts  around  Skutterud  and  Snarum  occur  in 
crystalline  rocks  varying  in  character  between  gneiss  and  mica  schist ;  however,  from  the 
presence  of  hornblende,  they  sometimes  pass  into  hornblende  schists.  These  schists,  of  whicli 
the  strike  is  north  and  south,  and  which  have  an  almost  perpendicular  dip,  contain  fahlbands 
very  similar  in  character  to  those  of  Kongsberg.  They  differ  from  those  of  that  locality, 
however,  inasmuch  as  while  here  the  fahlbands  are  often  impregnated  with  ore,  those  of 
Kongsberg,  although  to  some  extent  containing  disseminated  sulphides,  are  only  of  impor- 
tance as  being  zones  of  enrichment  for  ores  which  occur  in  veins.  The  ore  zones  usually 
follow  the  strike  and  dip  of  the  surrounding  rocks,  and  vary  in  width  from  15  to  30  feet. 
The  distribution  of  the  ores  is  by  no  means  equal.  The  predominant  rock  of  the  fahlbands 
is  a  quartzose,  granular  mica-schist,  which  gradually  passes  into  quartzite,  ordinary  mica- 
schist,  or  gneiss.  The  ores  were  cobalt  glance,  arsenical  and  iron  pyrites,  molybdenite,  and 
galena.  It  is  remarkable  that  in  these  mines  nickel  ores  do  not  accompany  the  ores  of 
cobalt  in  any  appreciable  quantity.  The  principal  fahlband  is  known  to  extend  for  a  dis- 
tance of  about  six  miles,  and  is  bounded  on  the  east  by  a  mass  of  diorite  which  protrudes 
into  the  fahlband,  while  extending  from  the  diorite  are  small  dikes  or  branches  traversing 
It  in  a  zigzag  course.  It  is  also  intersected  by  dikes  of  coarse-grained  granite  which  do  not 
contain  any  ore,  but  svhich  penetrate  the  diorite. 

The  Skutterud  mine  in  1879  produced  7,700  tons  of  cobalt  ore.  which  yielded 
108  tons  of  cohah  sehlioh,-  eontaininjj  from  ](»  to  11  per  eent.  nf  cobalt,  and  worth 
about  £11.000.  These  deposits,  which  at  oi;e  time  were  among  the  world's  chief 
producers  of  cobalt,  are  of  too  low  grade  to  be  worked  now. 

Silver  veins  were  discovered  at  Kongsberg  in  1623.  These  veins  resemble  those 
of  Cobalt  in  width,  in  that  the  numerous  veins  or  stringers  occur  in  small  area.-, 
and  in  the  gangue  mineral  which  is  essentially  calcite.  However,  nickel  and  cobalt 
minerals  are  not  char-acteristic  of  the  N.     .egian  deposits. 


■Phillips.  Ore  I)ep(>sit^<.  1.SS4,  p.  .WO, 

'  Sclilich  Is  H  term  given  to  washed  cobalt  ore. 
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PRODUCTION'  OF  COBAL'^  ORES  IN  NORWAY. 


Cobalt  Ore 


Year 


\mi. 
\ms. 
i«(«t. 

1H7(I. 
1S71. 
1X72. 
1873. 
1X74. 
1X75. 
lX7(i. 
1X77. 
1X7X. 
1X70. 
IXXd. 
IXXl. 
1SX2. 

ixxa. 


tons 


value 


$ 

«.') 

20.(iOO 

HI) 

7.5(HI 

o 

4,3(>« 

31) 

14,45« 

10 

4.05« 

25 

13.520 

lio 

35,152 

<i> 

40..5()0 

(>5 

35.100 

mt 

32,5(«) 

«»5 

40. 400 

05 

.52,0(MI 

05 

52. (HH) 

OX 

52.  (too 

X7 

45,.iOO 

xo 

41,1)00 

m 

52.000 

X4 

14.32() 

ColMilt  Ore 
Year 

tons  value 

$ 

1X84  <)o  y>  !)■>•> 

J«»5  101  I3;7d2 

1«««  123  ll.fXK) 

"*""  57  4,1«0 

1«««  X4  X,(M>0 

1««!*  152  14,300 

!«!«•  213  10, .MM) 

IW'l  1X7  J3,(MH) 

IW<2  123  X..5X0 

1«!»:^  123  12,150 

1«04  XO  X,10« 

1«05  45  4,0.50 

IXiHi  vj)  •>  7(M, 

1X07  24  2,700 

IXOX  21  2,1()0 

IXOO  

1000  


ilt).<t  of  the  cobuli  ore  niiiicd  in  Norway  was  exported. 

]ii  1S!)«  tlie  cobalt  works  at  .Modiiiii  operated  on  a  limited  scale,  euiploviii:,' 
o(y  men. 


Sweden 

At  Tiinaberir.  eoiialt  ore  ocenr;;  in  a  lied  of  granular  linie.-toiie  in  j:i'av  jrneis.-; 
The  limestone  contains.  i)rinciiially.  horMldciide,  mica,  and  ^er|lentine:  al>o  lead, 
silver,  copper  and  cobalt  minerals,  cojiper  pyrilc-  and  cobidt  irlanee  bi'inir  the  most 
;  frequent. 

Other  localities  are  A'eiia.  near  A-ker>iind.  on  Lake  Wetter,  and  at  (lladhainniar, 
I  south  of  Westerwik. 

I  The  following  table  >1kiws  the  extent  of  the  woikiny  of  the  cobalt  depo.-its 

I  in  Sweden. 


PROni'CTIOX  OF  f'OHAI.T  ORKS  IX  SWKDKX. 
Colwlt  Ore 


Yenr 


Year 


Metric  tons 


0X7(1 :,S 

J]X71 

:]X72 41 

fl'<73 17 

JX74 41 

]]t7o 74 

PX7() 101 

3X77 lo3 

PX7X 72(j 

aX70 223 

axxo :«i 

ixxi .-,.-,li 


1XX2. 
1XX3. 
1XX4. 
1XX5. 
IXXIi. 
1XX7. 
IXXX. 

ixxo. 

1X00. 
1X01. 
1X02. 
1X03. 


Cohiilt  Ore 
Metrie  tons 


51() 
177 

5() 
137 
lfi4 
231 
143 
200 
145 
244 

53 
101 
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In  tlic  .v.'ars  ISST.  IShH   and  iss'i  tlicrr  nvcv  n\>u  pr.Hlnpcd  :?:(!.  -^'.^S.  and  ITT 
kilos  of  concentrated  ore. 


In  188S.  1S>!).  IMtO,  l.s'Jl.  Wfi.  and  IMC!,  there  wer.'  pro- 


dined  :.•.':".  n.i."«u 


1.^.411,  r.i.::->. 


1  .■).:(»:!.  and  7,-.'">o  jxiund-^  «d'  cobalt  oxide  res|iectively. 


Italy 

(•.,l,alt  and  nickel  ores  ocenr  will.  <liiart/..    e.Kite,    and    ore    of    copper    in 
ricdmont. 


(■(.lialt  and   niek.l  ores  oc.ii 
and   at    KaltenUer;:  in  Turktnianiita 


Switzerland 

in    Vaiai-.  an.)   at    Av.r   in   the  Val   d'Annivier 


New  Caledonia 

rntil  the  di-.-ovHV  of  the  eol.alt  de,.o>it^.  at  Cohalt.  Ont..  Canada,  in  190:5, 
ahout  six  eountri..-  wn.  >np,dvin-  th.  world  with  .oi.dt  or.-.  New  Caledonia  pro- 
diicini;-  proliaidv  S    or  !io  per  cent. 

When  the'ore  from  Ontario  was  put  on  the  market,  the  i-rir.-  fell  materiai.y 
in  \ew  Calclonia.  and  eohalt  mini..-  has  now  praeticallv  ceased  u,  that  c..nntry. 
It  secant  stran...  that  <»ntario  >hould  he  tl.'  only  >erion^  ,.on,ivt,t..r  which  this 
French  colonv.  in  the  Sonthern  Paeilir.  ha<  in  Koth  nirkel  and  eohalt. 

The  eohalt  deposits  of  New  Caledonia  o.rwr  nn.hr  rou.lition-  -imdar  to  those 
of  nickel,  and  the  two  metals  are  fre.,uently  a.>o,.iated  in  ...onomu-  .,nant.tu.s.  New- 
Caledonia  is  a  non-.daciated  country.  The  ro.-k  p.ridotite  underlies  a  ..oi.^nlera hie 
part  of  the  surfaee.  This  rock  weathers  rea.lilv.  and  so.  over  a  lar,e  part  of  the 
surface,  the  alteration  pnuluct.  serpentine,  oe.ur.     The  .urface  o,   the  -..rpcn  me 

i.   „,,r •  less   hroken    down,   forn.in.i:  .omparativcly   loose  or   >l.,'htly   eoherent 

denosn-      It  is  in  asso.iati.m  with  the-e  that  the  .-ohalt  i>  found,  a.  a-hohte.  earthy 
..oLlt.  or  cohaltif..ou>  wad.    A.h.dite  is  a  mixture  of  oxide,  of  .ohalt.  manganese 
and  other  metals  and  can  hardly  h.  called  a  di-tinet  tnuieral.       t  In.  he  ,  d 

that  the  eohalt.  nicked,  and  other  metals  found  in  tin-  .hrompo-^ed  rork  weie  or,_m- 
allv  con>tituents  of  the  jicridotite. 

'    The  peridotites  are  hcliev,.!  hy  some  writer-  t.,  he  po-t-Cretaceo,,s  in  a;^'.  am 
are  said  to  he  in  the  form  of  a  surfa.e  flow  eovcrin,^  the  uneven  or  eroded  M.rl ace  o 
the  underlying  (•reta..eous  strata.    These  roeks  which  are  hi.h  in  -•;,■;-;-     '- 
in  iron,  constitute  the  jrreat  serpentine  formatn.n   of   New  Caledonia,      lluy    a  c 
more  or  less  c-har;re.l.  when  fresh,  with  crystals  of  fcrro-ma.Micsian  ,.yroxene       1  u 
::  t;;:d   ^.k   .;ion,s.   therefore,   in   T^o^enhu-chV   ela^siheation.   to      "-''-;^    ; 
Dunite    a  varietv  of  peridotite  of  whieh  the  main  eon.-t.tuent   is  olmne.    ^  found 
^"       i.    m    iron  orel     The  peridotifs  usually  .how  trace-  of  advam-e     alteration 
w  ich  has  result..!  in  m.>r..  or  h.s  transformation  of  olivine  t..  serp..n,.iu.   an.    i 
r  !;evelopm,.nt  of  talc   from  pyrox......     At  titues   the  altenjtion    ,s   sunicicntU 

advancd  to  produ.-e  p..rfe.t  .rystaW  of  anti,'orit..  with  some  films  .,f  tah . 
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Since  tlii'sc  roi'k".  aKvny<  (((iitnii!   a   littli-  iiiaii;:aiic^i>.  iiiikfl.   ami   mlialt.   it 

uoult!  ni>]ifar  tliat  these  metals  dceur   in  the  olivine  as  well   as   in   the  enMatite. 

(iiains  of  chrome  ore  are  ahunilant  in  all  samples.     The  roeks  are  often  tiaverMil 

liv   less   hasie  (likes  of   the   eiiaracter  of   ^rahliro.     Hiorite   sometime   oultroiis    in 

I   liie   niitldie   of   the    ser|ientine   exposnres. 

'  111  one  dejiosit.'   it  is  said  that  the  deiom|io.e(l   inateria!  oecU|iii-  ,i   |iiofnuii(i 

,i,lircs>ioii  in  the  serjiditine.  This  Imsiii  i>  tilled  l.v  a  red.  clav-like  (|,|iii-it  which 
liiis  a  depth  of  ahoiit  o^  metres  in  the  centre  and  Id  or  \->  metres  iMMiid  the  Imrder. 
Tile  riclie>i  ores  a])pear  to  onui-  near  the  centre  of  the  hasin  and  iiriir  the  contait 
(if  the  serpentine. 

It  will  he  seen  that  all  the  eohalt  depo-its  are  irrejrular  in  form,  mid  heiee  it 
i-  ditlii-nlt  to  estimate  their  value. 

Much  of  the  mineral   mined  contain-  only  twi,  or  three  per  cent.  ■•(  o\ide  of 

:  eolialt  and  after  washing'  proliahlv    l.."»  ]ier  cent.     Cohalt  ores  from  New  Caledonia 

were  pnrcha-ed   (liinl)  on  a  hasi>  of   I   per  cent.  CoO.  for  wliiih  oiv  '■>'■'<'*  Irane^ - 

=    {•"r'i'ii''.nn)  per  ton  was  paid,     in  )iiircha<inL'  ores  containi.'iir  colialt  in  exn—  ,if  f  pet- 

=    cent.  CoO.  a  premium,  which  varied  with  the  ;rrade  of  ori'.  wa-  allowed.     The  i:rades 

were  divided  as  follows:    thosi    lontaininv'  hetwceii    1  and    '>  per  cent,  mlialt  oxide. 

,-)  and  ('.  per  cent..  T  and  S  per  cent.,  and  ahove  s  per  cent.     I'rciniuni-  of  o.s.  (i.;t. 

1.0.  and   I..")  franc-  for  the  dillVrent  ;rrade-  re-pec  lively  were  allowi-(|   f,.r  each  "M 

,    ]ier  i-eiit.  iihove  the  miiiiinnni  )icr  cciil.     '  each  ixrade.     On  tlii-  hi.-i-  iniinial  cariv- 

•   iiii;  s  per  cent,  would  ho  worth  T")i>  fr.  ($1.")0)  a  ton. 

^  The  prices  ]>aid  f(H- cobalt  ore  in  Niw  Caledonia  in  \'M'S  were  ahout  ;i-  follows: 

for  -1.')  per  cent.  ore.  $•*:!  a  ton:  for  ">  per  cent.  ore.  *•.'!  to  $-.'.s  ai:d  '■>''  ccin-  for 

each  0.1   per  cent,  ahove.     At  these  jjrices.  only  rich,  well-sitnated.  and  dcvdope,' 

,  ndnes  could  l)e  worked.     .\ii   S  per  cent.    New  Cah'dnnia  ore  at   l!ic  pri-c  (piot'd 

>  Would  hriii^'  *.")4  a  metric  ton. 

Ouvrard  ■'  rejxirts  the  price  of  cohalt  ore  from  New  Cali'doni,!  and  Chile  as 
ii'ii.l.Oo  per  ton,  c.i.f.  Kuropean  ])orts.  for  ore  containin^r  f  ])er  cent,  cohalt  :  with  a 
premium  or  penalty  of  $1.20  for  each  0.1  per  cent,  cohalt  ahove  or  hdow  1  per  cent. 
Trevious  to  1910  the  An.^lo-Freneh  \ickel  Company  of  Swansea.  W  ale-.  liouj.dit 
-oiiie  ore  at  Cohalt  for  the  colialt  content  ;  ;•  ■.  and  jiaid  .'!()  cent-  a  pound  I'or  the 
metallic  eohalt  in  an  S  per  cent.  (n'e.     This  i-  ahout  $.■);>  per  ton  for  -ueh  ..re. 

The  followinfr  analy>is  shows  the  composition  of  the  New  (  aledonia  ore-: 
:Mn(),  18.  CoO  ^^.  NiO  ].•>.-).  Fe.O.  :iO.  Al,0..  ."i.  CaO  and  MjrO  "i.  -ilica  s.  and 
]'i-s  on  ifinition  '-i'i  per  cent. 

Tn  the  followiiijj  tahle  tlie  amount  (if  cohalt  ore  exporte(l  from  .New  Caledonia 
lictwcen  180:^  and  19<I9  is  given. 


VAU. 


'(ilasscr.  R(>ii(iit  to  the  Minister  cif  the  riildiiics  iiii  tlic  MiiieiHl  Wealth  nf  New  <';iliMlciiii 
'  .\  franc  is  wiiith  alioiit  20  ecnts. 


^Oiivraril,   Inilu.'^trics  ihi   Chronic,   du   Man^janr.'^c,  liii   Niikcl.   ct   ilu  Cuball.   p.   -j.!,   Diiin 
,  mill  Sons,  Paris,  1910. 
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EXPORTATION  OP  COBALT  ORE  FROM  NEW  CALEDONIA. 


Year 


Cuba  It  Ore 


Metrif  tons 


Year 


Colmlt  Ore 
Metric  tuns 


1898. 
1894. 
1895. 
1896. 
1897. 
1898. 
189<l. 
1900. 
1901. 
1902. 


I") 
(a) 


('') 


52« 
!.=)« 
M> 
823 
75" 
;}73 
294 
438 
123 


1903. 
Iit04. 
1!M)5. 
190«. 
1907. 
I!NI8. 

v.m. 

1910. 
191 1 . 
1914. 


8.292 
8,!m4 
7.919 
2.487 
3,943 
3.405 
979 


(-■) 


920 


(a)   In  ISit.'i  and  1894,  109  and  7  tons,  ii'siu'clivclv,  nf  luiittc  wen;  oxpoitcil. 
(6)  Not  rojiortoJ. 

(c;    During'  1914,  New  Cali'donia  cxiMHtrd  >i-2i<  ti.iis  of  oiv  and  2.5  tons  of  niatlc:  Mineral 
Inilustry,  Vol.  23,  1914,  p.  548. 

New  South  Wales 

New  .South  Wales  was  tliu  sccoiiii  largol  imnJiKrr  of  Lolialt  oru  liL'l'urc  tlif 
discovery  of  the  deposits  at  Cobalt,  Ontario.  The  deposits,  v'ulIi  are  sitiiat-'il  iieMi 
Port  Maecpiarie.  are  similar  to  those  of  New  Caledonia. 

During  IS'JH,  1899,  and  1900,  119,  \'J-'>.  and  IL")  t..iis  ci  eoltalt  ore,  valued  at 
$-J,800,  $4,595,  and  $7,950  respectively  were  shipped. 

In  1903  the  quantity  of  cobalt  ore  exported  Ironi  the  deposits  near  I'ort  Mac- 
quarie  amounted  to  153  tons,  valued  at  $T,850.  Since  1903,  there  have  not  been 
any  siiipnients  of  cobalt  ore  made  from  New  South  Wales. 

South  Australia 

Cobalt  ore,  containing  smaltite  and  other  mineral-,  occurs  at  ]<inibowrie,  near 
Olary,  on  the  Broken  Hill  line,  Init  little  work  has  been  done  on  the  deposit. 

Africa 

■While,  as  we  have  seen,  silver  has  been  worked  in  a.-<ociation  with  cobalt,  the 
latter  metal  has  been  seldom  found  in  association  with  gobl  in  important  (juantities. 
However,  one  such  occurrence  is  in  the  Middleburg  district  in  northern  Transvaal. 
In  the  vein  in  this  district,  the  gangue  material  is  kaolin,  with  which  is  mixed  gold- 
bearing  quartz.  Tn  the  qinirtz  are  small  nest-like  aggregations  of  smaltite  and 
copper  ores,  and  at  times  molybdenite,  also  the  secondary  minerals  cobalt  bloom, 
limonitc    and  skorodite. 

A  small  amount  of  ore  was  produced  in  1*9^  and  also  in  ISO.".  During  189' 
a  quantitv  of  ore  analyzing  7  to  10  per  cent,  was  reported  to  have  been  exposed.  A 
brief  account'  of  one  of  the  cobalt  deposits  states : 


■Ot'olo«_v  of  the  Nfi    .l(oilioo<l  of  Middlrliiny;.  Transvaal  Minos  Dept..  Pretoria.  l!t07. 


i 
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4  Cobalt,  in  tho  form  of  si.iiiltito  nml  enlliiit.'.  is  lonml  ut  Uiilmornl.  iiihl  ali-o  junt  bcv.)ii<l 

'   tho  northern  boundary  of  the  nm|>  in  the  viillry  of  tlir  Kniis  river.     At  Italinonil  tlir  rubiiH 

is  nssocintcil  with  fcldapur  iiiol  attirioiitc,  toj^cthcr  with  s.coiHliirv  (jiiurl/.  mid  calrit.'.  in  veins 

iiKist  probably  of  it;ni'oiia  oii«iii,  which  truvcrso  a  series  of  lii^lilv  altereil  M-.iiinciitarv  i./cltH 

i   of  shiily  cliunic'tur  in   the  nei'^lihourhuod  of  the  junelinn  of  the*  Waliibei j;  and   Triinsvual 

.   fvstcms. 

Tlirce  iitlililiiJiiiil  i-elVn  iirc»  to  ■■iiiialt  tlc|Mj.«ii-  i,\  thr  Traii-\ii;il  .iic  i;i\ru  !m|,i\v. 
"••'■1<.  -^'iti CiiImIi  l-odes  of  the  Triiii>\iiiil  :    Tr:ii!>.  (i.ol.  S.i,  ..  Snutli  AlriiM. 

.  \oi.  10,  i!ior,  J).  1(1. 

ilellor,  Note  oil  the   Firhi   li'claiii.n-  nf  tli..  'l"niii«\:i:i|  {',:,;•[}    I,...!,-:    Tniiis. 
j(ho1.  Soc,  Soiiili  Alririi.  \ol.   ju,  i:iii^.  ji.  ;;»;. 

I  Jrdiliic  iiii'i  Cliirk.  'J'niii,«\(i;ilite      A  new  Cnl.ali   Minna!   fn.iu  ih-  ■i'r,iii-\aal : 

';,Iiiiir.   Sue.   C'llein.    IihI..    vol.    !•,    l.s(»o,    n.    ,",s;. 

The  cnule  (-ojiiHT  jiroihiecd  li\-  ii„.  I'lii.,!!  Miiiiriv  ,!ii  II. mr  l\,itaii-a.  liclniaii 
(  HiiL'o.  of  wliicli  h.()t;i  ton.-  u'eiv  iMndihrd  and  -hi|i|i(d  to  (ieiiiianv  in  l!)i:j.  eon- 
I, lined  from  -.'.S-;!.-.'.-,  j„.r  ,ent.  of  eol.all.     Tiii-  fdinie.l  a  ia-|ir.Mli:ei  ea-i!y  .-aved  in 

lle.trolvlie  ivliliilii:illld  hits  Keen  one  (,f  ihe  .  iiief  -ollive-  of  (Jennail  e.iOalt  ill   recent 

3  1 

'  years.' 

J  Coliiill  .mil  niek(  1  oxide-  in  -mall  (|iiaiititie-  ( !i—  than  one  'ht  . ,  nr.i  n-sociiited 

|»irii    eliromite   oiv-^    are    found    in    .Sekiiknneiand    and    in    the    nei,i.dii">iir!iood    of 
ISeliikivii  (ii'liodosia). 

India 

(■..l,alt,  ore>-  in  -mull  i|iiamitie<  rtciv  fonnd  in  some  of  tlie  mine-  of  l!aj|iiitana. 

aii.l  urre  used  for  eo'Mirinir  -la--  han:rh>s.     Ores  of  tliis  iiieial  aI>o  oceiir  in  Teii- 

fl-eiini.     |;,,ih  eoiiaJt  and  nieke!  are  jire-eni    m  small  (|iniiititii  -  in  ihe  jivrrhotite 

finni  the  Klietri   miiie-^.  and   traces  id'  iiiekel   -..nietim.-  oeeiir   in    ir..n   ..iv-   from 

"BliaiiLMrli. 

I.innieiie  lias  recently  hcen  identified  nnioiiir  some  copper  ores  from  Sikkim. 


Inited  States 

J  Althoii-h  tjiere  are  no  e.\teii,-ive  depo-ii-  ,,f  ,-,i!m]t  in  the  Tnited  State-,  reports 
iliow  that  small  (niantities  of  eohilt  oxide  have  heen  imnliieed  aiininillv  -iiiee  IStlO. 
|fo-f  ,,r  this  was  recovered  in  the  reliniii::  of  the  i-nope  nickel  ore-  of  Sndhnry.  hut 
|t  pre^^eiit  practically  all  the  cobalt  i>  sla,;,',;:ed  in  the  converter,  so  that  very  little 
leaches  the  rcfinerv.  There  has  nUr  been  a  small  amount  of  e,,halt  oxide  iveovered 
fieiii  the  lead-copper  ore-  of  ^ri^sollri.  imt  \vitli  the  execption  of  ih,  -ear-  T.Mi;!  and 
tM)S.  the  amount  obtained  ha-  been  ^rnall.  In  the  years  mentioned  l^d.Odd  and 
|"'Mi<in  pounds  of  oxide  respectively  were  produced.  Since  the  discovery  of  the 
Cobalt  deposits  at  Tobalt.  Canada,  cobalt  on-  liave  ben  sliipped  to  the  rnited  Starc- 
lor  treatment.  Al-o  the  unrefined  cobalt  and  nickel  oxides  produced  at  the  -inciter 
•f  the  Canadian   Copper  Companv^  between   ^90r,  and    10]:!.  were  sbi,,,,,,,!   to  the 


'  I'hilbpfi.  f)ie  Depesitii.  ISSt,  p.    (.Ifi. 

'The  prodnc'tion  of  fhe  Panadian  Topp-T  Co.  i«  olveii  under  tl,e  MetalliiiRy  of  r„l,i,lt. 
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I'liited  States  to  In-  separatt-d  and  purified.  Previou.s  to  1900.  tlie  Mini'  la  Moftf 
Conipany  shipped  ores  to  Swansea,  l»ut  atjout  this  time  a  plant  was  erected  at  the 
mine  to  recover  the  eolwlt  oxide.  This  plant  produced  PiO.OOO  |M>unds  in  lilO.J,  hut 
was  ( loscd  shortly  afterwards.  In  I'JOfi  the  North  Americmi  Lead  Company  erected 
a  refinery  at  Kredericktown,  Missouri,  to  recover  coli-.lt  w:dde  from  Missouri  ores. 
This  plant  was  operated  durinj?  l!tor.  1J>0«.  and  190').  Imt  wa.s  closed  in  1910.  The 
reeonstrnclioii  of  this  refiiu-ry  was  commenced  in  1!i|(>  l>y  the  Missouri  Colialt 
Company,  and  durin-r  1!»IH  a  (piantity  of  cnhaJt  oxide  was  produced.  The  Missouri 
Cohalt  Conipany  lias  erected  a  mill  with  a  daily  capacity  of  .300  tons. 

Til  IfMi.i  colialt  and  nickel  ore  associated  with  fluorspar  was  said  to  have  Iteeii 
discovered   near  Marion.  Kentucky. 

In  UMt.">  one  or  two  small  shipments  of  colialt  ore  from  de|Misits  in  (liant  county, 
Ore>roii.  wen'  made  to  France.  These  deposits  are  descrilied  as  occiipyiii>j  lissures 
in  a  diirk-irrcciiish.  partly  altered,  diahase-jiorphyry.  The  ore  Inidies  ajtpear  to  lie 
more  or  le>>  lenticular  in  shape,  and  vary  from  a  few  inches  to  several  feet  in 
width.  The  principal  minerals  are  chalcopyrite,  smaltite.  arscnopyrite,  pyrite. 
pyrrhotite.  iiuilacliite.  and  iiorniti'  with  a  (piartz  and  calcite  ;raiij;ue.  The  chief 
metal-  pre-ciit  were  ^rold.  colialt.  and  copper.  From  a  samjile  of  the  ore  carrying: 
smaltite  and  chalcopyrite  the  former  mineral  was  fonud  to  have  the  composition 
•riven  Ipclow.  Xo.  1.  This  smaltite  has  a  rather  unusual  appearance,  resemhlini: 
somewliar  aciciilar  or  fine  columnar  stihnite.  In  composition  it  is  close  to  that 
from  niiiinisoii  comity.  Colorado,  an  analysis  of  which  is  j;iven  liy  Dana.  Xo.  "2 
holow.  The  Standard  Consolidated  Mines  Comjiaiiy.  Ore;ron.  worked  durinjr  If^O.'i 
a  few  veins  of  cohalt  ore  <'arryinji  irold  and  silver.  .\n  analysis  of  a  picked  spccime!- 
of  the  ore  follows,  Xo.  .3. 


No.  1 


No. 


No.  3  • 


Cobalt  

Nickel 

.Arsenic 

Sulphur 

Iron 

Insoluble  

Calcium  carbonate 

.Silver 

Gold 


14.88 

11. .w 

1.12 

trace 

MM 

(«.«2 

d..")? 

1.50 

11.14 

1.").M<» 

•f  •>•> 

<^.^\ 

9.91 

0..i7 

42.6(i 


14.9.3 


«.8 

.").2    oz. 
1.(i2  07.. 


Smaltite  ocmrs  in  a  calcito  vein  in  rrranite  at  fJotliic.  Colorado. 

Xcar  RIackliird.  Lemhi  county,  Idaho,  lenticular  bodies  of  colialt-nickel  or.. 
occur  in  prc-Camlirian  schists  and  quartzites  which  are  cut  hy  diabase  and  lampro- 
phyre  dikes. 

In  Los  An^'elcs  county,  California,  cobalt  silver  ores  are  found  in  barvtic  lode- 


.\nai.vsis  iim.le  h\-  A.  (i.  ISuninv!*,  Ontarin   Muii'siii  cf  Mines. 
'.Miiiciiil   liiilustiy,  Viil.   XIV.    liMi.l,  ji.  +(il. 


Thp  followiii;,'  tiil)li-  allows  the  cohnlt  oiuU-  proilucod  and  importftl   into  flu- 
I'liitPfl  States: 

PRODUCTION'  AND  IMPORTS  OF  COMALT  OXIOK.' 


lOtM 


Cobalt  Minenils.  their  Composition  and  Occurrences 


19 


Year  (a) 


Production       IiniiortH 
iwundit  puiiiiil.s 


Year  (t)  Production        Inipori!* 

INjundii  pounds 


txmt. 

IS7II. 

isn. 

Wi. 
1X73. 
1»74. 
1X73. 
IWH. 


Hll      i     I894. 

3.H5'   I mm. 

5.(Wi»    ifm. 


I 


lA 

\m 

imt 

IHMI 

l(t«2 

iNMa 

1XN4 

1XH.5 

](«(> 

mm 

mum 

Iixwt 

m'.M 

jlS'tl 

nm> 

px!):{ 


...I 


'  MiiK'iiil  Iiiilnstiv. 


5,749 
o.l2f« 
4.14.1 
a.  441 

7.32S 
4.54H< 
4.37B 
7,251 
K,28l) 
ll.«53 

i.mxi 

2,(NMI 
N,42:j 
K.fiW) 
5.7WI 
7,491 
12,955 
K.7SN 
7.2(HI 
7.«(i9 
«.422 


1.4W) 

1.404 

H7« 

4.440 

19,752 

2,  MHO 

7.531 

9,819 

21.844 

17.758 

13.0«7 

25,9«{3 

1«.1«2 

19..S«m 

20,882 

27.440 

41,4.53 

33.338 

25.483 

32,833 

28,104 


1897,., 
1898. . . 
1899... 
1900. . . 
1901... 
1902. . . 
1903... 
1!M)4.  . 
1!H)5. .. 
I9(Ki... 
lfM»7... 
1908... 
I90!i.  . 
1910... 
1911... 
1912.  . 
1913... 
1914.  . 
1913... 
1910... 
1917... 


«.7B3 

H.4IMI 

12.825 

19.. 3(81 

9,H40 

10,2INt 

12,270 

I3,3H0 

20.870 

120.  (MNi 

22.(NMI 

('-) 


ItXI.IMM) 


24.020 

30.153 

27.189 

24.771 

33,731 

4fi.791 

54.073 

71,90!* 

79,984 

73,.3.-,0 

42.:«3 

70.048 

41.084 

42.794 

1,5.30 

9.818 

0.124 

22.!»34 

31,848 

28,729 

H«»,484 

190,143 

238.934 

230.822 


S..,,l"iLi'""'"w""  '■","*!""'''  f'"'  <-''l''>"l">-  .vcHis;  in.,.orts  for  fis,-»l  vcars  cn.H.ij;  .Im.c  rUl 
aiiitil  1SS(,  anil  tor  .'alcndar  years  suhseqiicntlv. 

JiaMHtf  1,,.,.,,  pnMlu.MMl  ,„  t\w  UmU',\  Htatcs.  However,  sine.-  1!M)5.  the  total"  production  of 
mixc.1  .-oLalt  and  nickel  oxides  of  the  eol.alt  .smelt.'r  of  the  Canadian  Coeper  Co.  was  shipped 
fo  til..  Lniteil  .States  to  he  refined.  The  amount  recovered  from  this  source  mav  be  doselv 
Ipproxiniateil  hy  referrinj;  to  the  production  of  the  Canailian  Coppei-  Conipanv.  .See  section 
^ntitleil  '•  Metallurn.v  of  Col.alt." 

Tile  aiimiiil  coiiMiinptiori  of  colialt  oxide  in  thi'  I'liiteil  .States  amounts  to 
|pi>rn.xiniatel\-  -.'no.noo  j.ouii.ls.  and  altlioii-h  the  sun.  of  tli..  (l-uro  in  tlu-  tal.le 
'"-  not  e(|iial  this  amount,  except  in  a  few  years,  this  is  merely  he.au.-e  the 
'i'iilt  materials  imported  were  classified  as  some  product  other  thiiii  rol.ah  oxide. 
;:.  cohalt  ore.  ami  zalFer.  ZalTer  is  a  te.m  applied  to  finely-ground  rua-ted  cohalt 
ip'v-  or  products. 

•  In  l!il:{  the  import  duty  on  coiialt  oxide  was  redm-ed  frjin  •.'.-)  to  |n  rent- 
|>er  iMMind. 

Mexico 

Cobalt-hearinjr  minerals  have  i.eeii  found  at  several  localities  in  Mexico,  hut 
j!"!.'  lias  been  piil.lished  concerninir  tluse  occurrences.  Near  ilie  village  of  I'ihuamo 
in  the  .state  of  .Talisco.  eohalt  minerals  occur  in  veinlets  cutting  a  large  vein  of 
iiiairiietit(  as.sociated  with  pyrite  ami  pyrrhotite.  The  chief  rook  in  the  vioinitv 
|s  de.-crihed  as  andesit'e.  It  is  said  that  a  numher  of  tons  of  ore  containing  S  or  9 
'tr  cMit.  of  cohait  were  mined   in   this  district.     The  mineral,  are  col.altite  and 
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small    4U«ntitk.s    -r    .nmlli...    nn.l    ...l.alt    l.loo.n.      'n,..    u.u    nmt...r    c  ,mM,    -l 
.-reeni.h  cakitc-,  a.ul  u  little  barit.-.     Su.nUw  al.o  am-Mr-  to  1h.  prm-nt. 

The  following'  M.xi.an  loculita-.  ar.  aN-  r..,«,.tnl  t-  .onta.n  .ol.al    .um.ra  -. 
IturbkUs  in  Chihualum:  (iuanaccM.  ,n  i.uran,'..;  ( Vala.  ...  S„.aloa;  at  ti..    Ii.a.U.r 

mine  in  Jal......     Sn.ail  .Lil-nn-t-  of  .,.•-  .•  ..ta...i..,'  :'.-  l»r  ....t.  ol  ....l.alt  a  ..l  7 

por  ......t.  cf  ..i.kol  were  made  f-om  .he   .v-.ueral.la  ai.d   l'.l...ano  ......es  iu  Jah.eo. 

A  pink  eol.alt,re......  va.ietv  of  .miti...Mite  oe.  u..  at  Holeo.  Low...-  r.|l.forn.a.     An 

aniele  -leaUni:  witi.  tl.e  cobalt  .le,.o-its  in  Jal,-  ••  '  ■     1 i-  ,...l,l.-l.e_,l  by  Nuva.ro. 

M.-ni.    V    IfeN.   Soe.   Cie.ilif..   A.ito.no   Al/ate.  V- |M'    •'• 

Peru 

Ni.kel  a.,cl  eobah  n.in.raU  a.v  ni„„lMl  t,.  ...■..>■  ,n  lb.  1  ..■,.a.,n...ni  -f  »  n/.  o. 

Chile 

Nickel  and  cobalt  minerals  are  fonnd  a-.ociatcd  with  the  o.-es  of  silver  at 
several  nlace.  i.i  Chile.  An.on,^  .be,e  are  Mi.,.  IManea  .le  San  Jna...  )ei.a.-t.nen 
of  Freiv.,..  I'rovin.e  of  A.acann.;  Minilta>.  Cambillo.  Brutre,  .n  the  Province  of 
roMuimbo;  a..,l  Tajo.,  del  Y,>o.  i.,  the  l'...n,c,.  oi  ^'''''f  "■  ''V';;  ■•  •;^,^'^ 
,,,|,„.,„,„  ,„i„,  „f  n.anaicillo  a-'e  ..iekel-bearin,::.  Ve.ns  of  nn^kel  o.^e  arc  found 
also  at  San  Pe.l.o.  ..ear  Fla.nc.co.  a  sn.ail  port  -o„tl.  ol  ('ba.ia.al. 

Darin.'  the  latter  part  of  I'.Mil  >l.ipn.en.s  of  cobalt  ore-  vv-.'c  made  f.om 
Caldei-u  to^he  United  Kin,i:dom.  a..d  it  was  a..tici,.ated  the.  that  the  retnr.,s 
wo.dd  show  ^nllicient  i-.-lit  to  render  the  re-openin-'  of  the  m.nes  aJv.^^l-  o. 

The  San  .Inan  >rro.,p  ,.f  mi.,es.  Ivi...'  north  of  the  Port  ot  Pe..a  lihu.ca  ar.. 
located  on  well  forn.ed  lodes  ^ar^i,.,'  fron.  o,.c  to  .ix  feet  in  width.  The  ore  con- 
«i.ts  of  oxide.  arM.nate.  and  s..lpharsenide  of  cobalt  with  an  ave.-a,..  conten  ot 
^bout  4  per  cent,  of  cobalt.  The  worki..,s  .cached  a  depth  of  1.0  to  20u  feet 
Cobalt  mim.s'  w...-e  operated  in  the  Provi.nes  of  Ata.-a.na.  (  o,,u.n.b„  and 
Aeoneajrna.  The  production  in  V.m  was  -iSl  n.etric  tons  of  T  lo  per  cent  ore^ 
The  lar<^est  producer  was  ,1,..  Hos.  Amelia  mine  >ituated  ...  the  Dcpart.nent  of 
Freivna;  Ataca.na.  thi>  mine  i,.  V.m  p.-odu.i.„  i:U  to..s  of  o-v.  1,.  the  "-vonec  |ea 
mine,  in  the  Departn.ct  of  Chanaial.  a.,  a.-.'c.tifcous  cobalt  ore  was  m.ned  carrN- 

injr  8  per  cent,  of  cobalt.  ,  -r      i   ii       ,,,,1 

Minincr  of  cobalt  j:la>.ce  and  erythritc  was  al>o  carr.ed  on  at    lamb.llo^  and 

'"'The  quantity  of  cobalt  ores  mined  in  Chile  bHwec.,   IMi  a.nl  I'.'O.-,  was  .i.:lM 

tons. 

Areentina 

A  cobalt  deposit  was  disco^e.•cd  i.,  U-.l  at  Valla  llcr,..oM..  Vi.,cbi..a.  Provincia 
de  la  Rioja.  Ar,n.nti..a.  a..d  was  wo,-ked  on  a  snn.ll  scale.=    The  ore  occurs  on  the 
western  jope  of  the  Cern.  dc  Famantina.  a  spur  of  the  Andes.  ,n  a  taleose  sch,4 
UBuallv  near  its  contact  with  a.,  acid,  igneous  rock.     A  numb..-  of  vcns  appear  a 
the  surface,  but  only  one  has  I,..,,  exploited.     The  o.v  b„dy  vnr.cs  ,n  w.dth  from 
09  m   to  1.:^  m..  with  an  avera.n.  of  about  1.1  m.    The  ore  .-ons.sts  ofcobaU^te  a.,d 


'MimrM  liM.i^tiv.  V.,1.  XIII.  li'i't.  V-  'i^}^- 
=  Mineral  In.lust.y,  V..1.  XMI.  l'.'"'t,  p.  •••■'^- 
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.r-riionyrit.-  in  u  pm^'Uf  ..f  .juart/..  Tliin  «;..  !uiiHl-nl.l,...l  ii.t.,  lir.l  .n.-l  -.v.,i..l 
',  1 ,.,  ori-.  Tlie  llr^t  .1.1^*  u^siv.'.!  (i.o  to  :.0  pvr  i-iit..  aii.l  tl..'  mt.-m,!  .la.,.  :l.(>  to 
, '-,  ,,..r  .vnt.  .ulmlt.  Thu  lii>t  e-ltt^i  c.ntaii.i.a  (i.lo  to  I.o  oz  of  -ol.l  an.l  :.  to  M  oi.. 
uf  .ilvcr  per  toil.  ALout  il'io  tons  m-rv  \nmUwrd.  of  wl.i.li  l.-.n  w.iv  liaiMl-.ol,l..'.l. 
,,„l  of  tl.i^  onlv  a  r.w  tons  wiv  tim  .la.s  or.'.  Tli-  .li-tat.-v  of  tin,  i.rop.rtv  fmi,, 
Mui:o/asta.  wliul.  is  the  nra.v-t  niihvay  .-tatioiL  oi.  tl.e  l'.  f.  A.  Del  Norte  hue.  ,. 
]■>')  uiWv*.     All  the  or.'  that  wa.s  n.nceiitrat.'.l  was  >liii.p.'.l  to  Kii;,'lttii.l. 

Oreat  Hrltaln 

Tor  nianv  years  .mall  supplh's  ..f  .ohalt  or.'  w.  re  ohtain.'.l  from  tiie  mil-  -  .it 
Mori  Hira-l.lu}.'.  m-ar  IJhvl ;  ('..rinvall:  in  Flintshire,  ami  CumlMTlan.l.  IIowv.t. 
no  prodintiou  is  reconl.'.l  since  1S90. 


From  1800  to  1X90  there  were  produee.l   l.-.M-'  tons  of  eolmlt  an.l 


nil 


v'liiUMl  nt  $3G.710. 


Spain 

Minin?  of  e..l.alt  ..r.'s  nvms  .arri.'.l  ..n  in  Spain  !M.t«ven  l.sll  and  l.sOT  in  *lie 
V.il!,.v  ..f  nistain.  llii.-.a.  n.^ir  '  •  Fr.'n-h  fronti.T.  At  Guadal.'anal,  in  Andahisia. 
v.'in^  .•o.itaininjr  "H's  of  >il\.'r.  .'.ilmlt.  and  s..m.'tim.'s  .'opper.  in  a  calrite  -ani:...'. 
were  at  one  time  imi>..rtant.  IL.wev.T.  only  small  fpiantiti"*  wrr.<  pr.Mlne.'.l.  as 
miv  he  s.^en  from  the  f.dlowinir  tahle: 


PRODtTTIOX  OK  COBALT  ORES  IX  Sl'AIX. 


ISTl. 
1S71'. 

is;:!. 
t.S74. 

ISTU. 
1S77. 

1S7S. 
I.S7'.i 

INXII. 

l.s,si. 
l,ss:i. 

I.SNi. 
ISX.'i 
IS,""). 


Yfiir 


Coiirtlt  Ore 


laii.s 


4 

40 

4 

K> 

W) 

11.-) 

4:»:! 

IIHI 

11(1 

I2!t 
102 
4(1 
lit. 


vahie 


13.72(1 
.-).2:i4 
2.4W) 


Year 


1SX7.. 
ISHN.. 
IXSit. . 
IWMI.. 
IWIl.. 
18<»2. . 
lS!i;{.. 
I«!l4.. 
IX'l.").. 
1S«M>.  . 
1S(»7.. 

mm.. 

IXitfl.. 
I'KMI.  . 

1(11(1. 


Culialt  Ore 


tuns 


value 


» 

4:«i 

i:i,!il4 

(); 

.'>.47() 

141 

4.H7() 

111 

4,:i()H 

m 

1,SII4 

24 

72 

IK 

lit4 

.'.2 

fi24 

7 

84 

IS 

1,)'(KI 

i:{ 

:i,4(t(l 

132 


17.2()n 


Russia 

A  deposit  of  ohalt  .)re.  fr.'e  fr.)ni  r.i.kel.  .).vnrs  at  T)a.hke>,an.  Govrnment 
of  i;iizahcthpol.  Tliis  ,K-p,isit  i-  in  the  f..rm  of  a  dike  of  .li.'fite  impn><rnat.>il  with 
chalt  minerals  assoeiate.l  with  iron  and  copper  pyrites.  The  w.)rkings  are  now 
abandoned. 
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ChlM 

V.-ry  littii-  i*  known  ..f  any  .-..liiilt  .l.|M.Mt-.  in  riiimi.  It..wlir'  Mat.-*  tli.it 
loLult  «.rr  i-  foun.l  at  tlif  l.a«'  of  a  ranjf.-  of  MiinNton.-  liilU  n«'ur  tlif  town  of 
'l\«nK«li«nK.  the  K»'«>l<'J?i'"l  fortimtion  Ikmiik  proLaMy  I'pImt  Cainl.rian.  The- 
•Ifpoiiit^  an w  tithiT  txhaii*t»il  ur  v«ry  littli;  workitl. 

Fiirth.T  inforinuti..n  ulKiiit  th*-  tnutimnt  of  thiM-  ori'*  will  be  found  uml.r 
the   •' Mftallurjfy   <»f   t'ohalt." 


Ontario,  Canada' 
Situation  and  IMmiovcry 

The  ori"  iHHJifs  at  Colmlt.  wliitli  tariy  siivtT.  cohalt.  niik.l.  ami  arstiii" . 
w.n-  tli-n'oviTi'il  in  V.m  during  th.-  huihlin^  of  tlu-  TiinifkHniinj.'  and  Xortlirrn 
(Mitario  railway.  Tin-  first  r>f  thisc  di-poxits*  to  ln'  workt'd  lip«  within  half  a  niih 
of  Cohalt  station,  wlii.li  is  alntut  :<:J<>  niih-s  north  (.f  Toronto.  One  of  the  ohk-t 
known  ore  liodies  in  North  Anvrira.  the  urp'ntiferous  naWm  on  tin-  .a-t  siih'  ol 
Lake  Tiniiskainin^'.  is  distant  only  eijfht  miles  from  Cohalt  station.  This  pileiia 
deposit,  known  as  trie  Wrijiht  mine,  was  apparently  discovered  liy  \oya^'i'urs  ov.  i 
150  years  a>:o. 

It  nmy  U-  a.lded  that  the  hnildiiif:  of  the  Canadian  Parili.  lailwny  exposed 
the  .Siidl.ury  nickel  de|M.sits  !•()  miles  southwest  of  Coltalt.  it  can  thus  he 
said  that  each  of  the  two  railways  in  this  part  of  Ontario.  lin>ii;:ht  to  li^'ht  an 
important  mineral  field. 

The  Sndhurv  deposits  have  reci-ivcd  a  >.'reat  deal  of  attention  from  j.'eohi;.'ists 
of  this  iind  other  continent-.  One  ^'roup.  amon^'  whom  may  lie  mentioned  Harlow.' 
i'olennm.*  and  Vo^t.  rc^rard  them  as  due  to  ma;;matii-  sej;re-ration  from  an  original 
ijineous  nrnffnui.  without  further  concentration,  .\nother  >:roup.  amonjr  whom 
are  Kickson.'  Heck."  and  l\ni>rht.'  i-ontend  that  these  deposits  are  the  result 
of  aqueous  ijrneous  action,  iind  that  the  suliiiiides  were  deposited  after  the  aecom- 
]mnyin<:  rocks  were  formed. 

Before  jtroceedinj:  to  n  consideration  of  the  cohaU  veins,  a  tahle  showing  the 
ajre  relations  of  tin'  rock.<  at  Colialt  is  given  helow. 


•  »<iwliT,  f'liiiM'se  Tn'atnient   iif  Colmlt   Ores,     f'lieiiiical  News,  Vol.  LVlll.    ISSH,   p.   lUO. 

'Miller  Willet  (!.  The  ColiiiltXii-kel  Arsenides  iiiiil  Silver  Deposits  of  Timiskamint;. 
Ontario  Reports  of  Hureau  of  Mines,  Ontario:  Vol.  XIV,  Pt.  II,  first  edition,  1905;  secon-l 
edition  "lOOfi;  third  editii>n,  1008;  fourth  edition.  Vol.  XIX,  Pt.  II,  191.'{.  The  larger  part 
of  the  deseription  of  the  deposits  at  fobalt  is  taken  from  Dr.  Miller's  reports. 

'Harlow,  Niikel  and  Copper  Deposits  of  the  Siidliuiy  Mininu  Distri<t.  (ieol.  Surves 
of  Can.,  1901,  Pt.  H. 

•Coleman,  The  .Sudlmrv  Nickel  Keyion,  Ontario  Hureau  of  Mines,  Vol.  XIV,  1905,  Pt.  Ill: 
The  Niokel  Industry,  with"Spi'cial  Reference  to  the  Hudl.ury  Region,  Ontario,  Department  of 
Mines,  Ottawa,  19l'n. 

''Dickson,  The  Ore  Deposifs  of  Sudluiry,  Ontario.  Am.  Inst.  Min.  Knj..  Trans.,  Vol. 
XXXIV,  1904,  pp.  ;!-»i7. 

"Reck,  The  Nature  of  Ore  Deposits,  p.  41. 

'Kninht,  Oriuin  of  Sudlmry  Ni"kel-Copiipr  Deposits.  Knc.  and  Min.  Jour.,  Vol.  CI, 
1916,  p.  811:  also  Report  RoyalOntario  Nickel  Commission,  1917. 
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Ak«  KchitlMii  of  Kockii  of  Cobalt  m»4  A4|ac«Ht  ArMii  t 

I'AhKOXUIC 

Siluritiii 

{llri'iil  Hniiiiifitrmihj) 

KOZOIC  OR  I'KK CAMMKIAN 

\mWt  l>ikf> 

NipiitKiii;;  lhHl>H><' 
(IntruMire  roHlnit.) 

''(limit   Scrii'. 
,  t'nviinformUij) 

Lnrniiii  (iriiniti' 
( liilriisirr  miihii  I.) 

Lnm|)ro|ili\ Tc  |)iki> 
(lutni.slif  lunlu)  f.) 

Tiniifkaniin;.'  Scrips 
{Uncoiiformilii) 

Kitwalin  Coniiilcx 

Character  and  Orlicin  of  Cobalt  VelriK 

Till'  (ItiKi.its  at  Colialt  ixciipv  narrow.  |>ra.ti(allv  vertical  livMin-.  ar.il  joiiit- 
I>laiic«  in  till'  nirtain<)r[>li..s('(l  ('..l.alt  ..crif*.  A  f.'w  prodin-tiv.'  vein*  „f  -iniilar 
form  have  liccii  found  in  the  intrii.-ivc  Ni|ii>Mn^'  (lialmi-c  (Mlicr-  c.  ,ur  in  tlif 
KfcvitJn.  which  is  the  oldest  series  of  the  area,  and  which  con'ist-  of  ha^ic 
\ol.ani  •  rocks.  The  most  productive  xeiiis  in  the  Keewafin  have  Im  c  n  N...  •.'<;  on 
the  Nipis.sin,;  and  the  vein  svsteni  on  the  Tiiiiiskainin;.'-l»eHver.  The  former  vein  lies 
.lose  to  the  wptitorn  ed^'  of  the  diahase  sill.    Hefore  erosion  of  the  ,ill  tu,,k  place,  vein 

Xo.  8«  lay  iM'neath  the  sill  or  in  il«  foot-wall.     The  Timiskaniin;r-nca\.'r  -cins 

'' ''»•'■  '"•"•I-  l'<'  '"  the  npiKT  or  hanjrinj.'  wall  of  the  sill.     There  arc  vein-  which 

run  from  the  .•onjrlonierate  and  other  fra;rinental  rocks  of  the  Cohalt  ^ric  into  the 
iniderl.vin;,'  Keewatin  :  ami  there  are  veins,  e.j:.  the  Xova  Scotia  and  Tinii-kaniin;: 
veins,  which  run  downward  from  the  Keewatin  into  the  underlvinu.  intrusive 
Nipissin;;  diahase.  .\  vein  on  Mie  ('(.halt  Central  passes  fn-m  the  surface  down- 
ttiird  throujfh  the  Xipissin^r  diahase  into  the  Cohalt  series,  which  here  forms  tlie 
f("it-\vall  of  the  diahase  sill.  Moreover.  "  blind  "'  veins,  or  veins  that  do  not  out- 
<  n.p  ,it  the  surface,  have  Iwen  worked  on  several  properties.  One  of  the  ino-t  inter- 
fstinir  of  these  occurs  iM-nc^ath  Peterson  lake.  This  vein  is  in  the  Keewatin.  which 
is  here  overlain  hy  the  Xipissin-  diahase  sill.  The  vein  runs  up  to  the  hottom  of 
the  Mil.  Imt  not  into  it.  The  fij:urc  on  pajre  ','1  show.,  the  relalionshn,  of  ii,e  rocks 
and  the  ty|ie  veins  deserihed. 


'Miller.    W.    O       The    PeLaltXickcl     .Arsenides    b.,,1     Sllvc.     Deposit,    of    Ti.«i,k«mi,e 
OntHM.,,  f„uitli  e.liti(.r,  Out.  Hiir.  Miii..  V..I.  XI.\.  101:!,  I',.   ,|.  ,,.  4S.  Kioniii, 


24 


Hurmiu  of  MIms 


Ho.  4 


Till*  xt'iii*  of  iiuut  lit  the  priHliiciii;;  mini*  lny  InIow  tli*'  (liiilia<t>  Hill  U-fure  i 
WHM  ciimIciI,  I'.ji.,  tlioKi'  oil  till'  CoiiiapM,  .\i|ii«>iiit;.  Iliiil»iii  liny,  Tri'lln'Mcy,  l(ulTiil< 
Milling;  (iiriNiratioii,  (  .nun  KoTrM-,  hniiiiiiioiul,  Luw-Koti  ut  Kerr  liik)>,  ItuUone  nn> 
MiKiiih'V-KiirnijjIi  iit  I'ol-nit  lakf.  Tltc  Kin/  Kilwnnl.  SIImt  ClilT,  uiul  »i>uw  o 
tl'"  O'Hriiii  \iin«  lie  within  tlic  sill.  In  tlif  "utlyitij?  iiini[i<  ;:ii(m1  cxiiinplci  of  vein 
.irriii'.'  in  tlu-  niW  nrc  tlio  Wfttlaiifcr  ul'  S.nifh  Lorrain,  aiil  Millcr-I^iikf  O'nrii't 

)Jll« 'MIIiIm, 


KEEWATIN 


[     1  COBALT  SERIES 
I  Uypothatlcal  vabu 


I  ValB* 

Geni>ralUvd  vertical  section  through  the  productive  (turt  uf  the  Cobalt  area. 

The  wction  shows  the  reliitiong  of  the  NipiHsing  diabaso  sill  to  the  Kcewatin  and  tin 
Cobalt  goriea,  and  to  the  veins.  The  eroded  ourface  ia  rcitorid  In  the  section.  The  lill  i; 
Icsi  regular  than  the  illustration  shows  it  to  Ih>. 

n  and  C  ri'pri'scnt  a  large  iiumlior  of  veins  that  are  in  the  frngmental  rocks,  Cobali 
series,  in  the  lower  or  foot-wall  of  the  eroded  sill.  N  represents  a  type  of  vein,  such  a; 
No.  'JO  on  the  NipiMing,  in  the  Kcewatin  below  the  eroded  sill,  and  L  a  tjpe  such  as  one  undci 
Peterson  lake,  in  the  Kcewatin  font  wall,  '.  ,it  n  <tending  un«ard  info  the  sill;  K,  a  vein  ii 
the  sill  it.jclf.  such  as  No.  .'I  on  the  Kerr  Lake  property;  T,  a  vein  such  as  that  on  the  Timi? 
kaming  or  Itcavcr  proin-rties,  in  the  Kcewatin  hanging  wall  and  extending  downward  intc 
the  sill. 

At  I)iiil)asc  moimtiiin  tlic  top  of  tlic  liill  is  diabase,  wiiilc  tlic  nicks  iielow  tlii 
(linl>aso  arc  coniiiost'il  of  slates  and  (•onj.'lonicratcs  lyinir  on  Kci'watin  lirccnstoncs 
so  that  (crlain  veins,  as  on  the  IVnn-Canadinn  and  Hailey.  started  in  the  sill  and 
I'oniiniii'd  downward  into  the  underlyinir  rocks. 

.Vt  tlic  Tiiniskaminrr  shaft  the  upper  cuntact  between  the  Kcewatin  nn^l 
the  diaiiase  is  approximately  Tu'i  feet  from  the  surface.  .Monfr  this  contact,  both 
aia)Ve  and  below,  the  Tiiniskamiiijr  and  Reaver  mines  have  recovered  their  richest 
ores.  In  order  to  ascertain  the  thickness  of  this  diabase  sill  it  was  di.imoiid-drilled. 
and  the  lower  contact  between  the  diabase  and  the  Kcewatin  formations  was  foiin  1 
at  an  approximate  depth  of  1,070  feet  from  the  surface,  showing:  the  sill  to  ha\i 
a  thickness  of  ahout  l.KXi  feet,  .\fter  diamond  drilling'  was  linished,  a  shaft  \va- 
stink  throned)  the  sill.  Kxjdoration  work  from  this  shaft,  conducted  alony:  the 
bottom  of  the  sill  and  in  the  na'ks  immediattdy  below,  has  failed  to  disclo>'' 
economic  ore  bodies  up  to  the  autumn  of  101S. 
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J^otoull  MiMnifai.  th«lr  CtMnpiMlilon  mn4  <)u:urr«iM;«ii 


ill 


Tl.r   f..|l..«,M«  |Hir..;..ra|.|..,   r..„r.l,n;,   ,|,..  .,ri«i„   ..f  ,|,.,  ..r-.  „t    r„t.aii     ,r.. 
. ..|iir.  iroiii  W,  «i.  MillirV  ri'|H.rt.' 

Th.'     •n-.flllHl     IM     thr    \.„„    „>     •■..l.lllt     III,..     |„     „||     |.L..|,| I 

.i,.:"",;;.;';;;;:: ;:;::,.::!  :;v:::..;;;:;rr^::"..:;  ;:;;::;;,;r\»;;"  "••■ ;' .••- 

;;r;-.r  :!r;-.,;-;,, i:' :;:;.:,::;:r  .f ;; ':  ^t  ':'•;?'-•:  -•  V' r-' "•'■" 
;;::';:^;-.::.r:;'-,;;:,:':;;: - ^■-■-"■:::.H:-i::riri.':::r!u;::,;:::;,r;::;';i 


=  ••"■' •". ;. « ' •< ■ N-Hh  A,n.;i;;, «;;  .;':.:, 7';:;.;:;;:,. -; 

Tl»...   K,„„,,.,„.   ......  H...  .■.„„i.|,.,...l   l.v   .,   „,.i:„„>  , J, ,j,„|,,    ,,„ „.,, 

""":,"■"-  '.''   "•;»"""•     A.   .I..Hrl ..I,„|   ,|i,.   ,..i,„  ,.,,  „.„,   ,„   ,,..   ,,„   ,...,„„   ,„    ,,„.(,, iPk. 

;.""'  " I'  7"'""'"  '"," "■'■'••  <i'>"  "t  III-  ti" r  .(.,•  .Mii.ti,,,,  i.f  ,1,..  .iik.ii..  ,.!,,; 

;;";';'';","i  ,"  n'""  •- '•••••". ■.■"'"''''■"••'••'^* "i"-"'n:  '-m  „,„ ,,i„..  ,  . 

..,.,  m.ntMi..,     „„,,•„,„   l«.  „,.,,..  ..|,.«.|v  .,„„ „„,   i„   ,.,i„i„    „i„,    ,,„,..    ^^   „,^^,^   ,|„.v'„,.. 

ilT'l'lk,,  ''  "'"■'       ■     '■'''"''   "■■"""'   '""""i""-  "'■  ""'"<■   <"'-k»  ..liylitl.v  ul.li.r'il.u.. 

OreN  and  MIneraiN 

'ii...  iiii.M  lni|>..rtiiiii  ..IV  in  tli..  x,.|ii.  m  ('„l,„lt  i,  uMiw  hU...'.  :i..,,.iat...l 
ut'i  ulii.l.  i«  iiMiiilK  ...m..  ,U..i„.ii...  iit-.Mitii,..  |,u-iir-M-il..  ami  ..tli.T  .•..iii|..,iiii.|. 
-r  -iImi.  -inaltit.-.  iii.i-.,litf.  ari.l   nl,it..|  niin.Tal-.     Main    <,(  ihv  niiii..ral.  .Mviir 

iir\..l  III  till'  ..r,-  ami  fi.r  flii«  iva-mi  i,.  ,,r  t|„.|||  li,,^,,  ,„„  i,,.,.,,  ,.|,.,||.|^   i,|,.,ii|||,.,! 

■^""''='''  ''■■"'I'' ■  ''"■  iiiiiKral-.  Hhi.li   iviKJ.M-  lli..ir  i.l.'iitili.atii.ri  ilitli.iilt.  i-  th.' 

'"■'  ''""  '""■''  "'  ""■' 'ii'"  ill  ''!'■  iiia.siM-  f.iriii.     Cn-taU  «li..|i  |.iv-..|ii  aiv  -mall. 

i"iMi;   fiv.|iii4,th    alm...f   mi.r..»...|.i..   in   <iz...     Tlw   r..||..«inv'  min.TaK   lia\.'   hcon 
'  ' "iililii'd  aiiii  .an  !>.•  ...lucnicntly  .Jn^-fil  luiili'i'  tlic  Iicaiiin"»: 

I.   \aii\c    Klcin.'iit-.  -  .\ati\|.   >il\<.r.   nati\..   I.i«mntli.  ^'rnphito. 
|[.   .\r<,ni.l.-.-~.\i,c..lit..   Xi.\.:  ,lil..Mntliitr.   \i.\-.:  .nialtitf.  C.-.X-.:  .md 
ii">lliiii.'iti'.    Fc.\«.. 
III.  Ai'viiat,-.-    Krvtliritc.    .,r    cilialt    l,l.,..m    <  ..,Av.(t..,s||  .(i ;    aiimilMT,i:it.-. 

..r  iii.k.l  III. ...Ill    \i  .\v.(t,..s||  ,(i:  >,  ,,r.„|ii,..  Ki..\-0,.-.M[  .(I. 
I\-.  >nl|.lii.l..>. -.\ri:..nfit..    .\..r,S;    ,nill..|if.    NiS;    ai-Ar..,,v,it..? :    ,tr..m..v- 
'■i-it.-:-    (.\v'.<'u),S:  l„,riiit...  Cii-.F.-S, :  ,.|,„l.„|,Mit,.. CiF.'S,:,  splial- 
••ritc.  ZiiS:  jiaiciia.   I'liS;  pvritf.  FoS.. 
V.  Sii||il,ar<ciii(l.-.  Mi,|.i,k.l.   F.'.\sS ;  .uliiiliit.'.  ('(i.\<S. 
VI.  Siil|.Jiiirs(.|iitcs.— I'n.ii^ijt...    AirA-S:    vaii<ii,,,.,i(iif..''    .\tr  ^.>^,. 

'  .MilliT.  \V.  (}..  Out.  Hui.  Mill..  v..l.  .\I.\.  liO.'!.  I't.  II,  i.     s  '  ' 

-Soi-  il.!..Ti|itiiiii.   psmc  li. 
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VII.  Aiitinioiiidcs.  — Dy.-crasite,  Ajr«SI.;  brfitlmuptite,  NiSb. 
VIII.  Snli)lmntiiii<iiiiti's.-I'_vr.ir;.7iit.'.    .\j:,S\,S,:    sici.Iiaiiitc.    .\jr,,Sl)S, ;    ]»<\\ 
Ixisite?  Afr,.SI).S„;  tftraliwjritf.  CUsSkS;;  Imberyite:'  (silver  bcai 
ing  tctriilii'drite). 
IX.  Sulphobi.-;mutliitfs.— MatildiU".  AjrBiS.,.  fiupiectite,  CuBiS,. 
X.  Mercury. — Anialfriiin    {':). 
XI.  I'hojiphate. — Apatite. 
XII.  Oxides.~Asl)olitc;     lieubachito:-;     heterogenite:';     arsenolite,     Asj03 
roselite:-  {Ca.('o,Mg),AsjOs. 211.0. 
XIII.   Vem.xtoiics.— Cal.ite.  dolomite,  aragoiiite.  quartz,  barite.  fluorite.' 
The  above  tai)le  .-ontaiiis  a  few  minerals  Umt  have  been  found  i„  „nly  one  oi 
two  vem..;  and  cannot  be  consi.l.>red  .hara.teristic.     Milierite.  for  instance,  is  of  ran 
occurrence,  and  emplectite  has  been  found  r„dy  in  the  Flovd  mine,  near  Sharp  lake 
in  the  western  part  of  tl...  Cobalt  area.     Hornius  chalcoj.vrite,  /.inc  blende,  galena 
and  pyrite  are  not  characteristi.'  of  most  of  the  ore,  these  minerals  oc.urring  mort 

frequently  in  the  wall  rock  or  i m-silver  bearing  ore  of  the  Kcewatin.     Apatit. 

in  recogn.zai)le  .rystals  has  JHrn  found  in  the  ore  of  only  one  mine.  Mercury  appears 
to  occur  in  the  ore  of  all  the  mines  that  contain  high  values  in  silver,  but  whether 
It  occurs  only  as  amalgam  or  in  other  forms  has  n(.t  been  determitied. 

A  question-mark  has  been  placed  after  the  names  of  several  minerals  in  the  tahle 
which  have  b..cn  rcpc.rtcd  to  o.-cnr  in  the  vcin.«.  but  whose  identification  has  not 
been  made  complete  by  chemical  analyse-  oi-  .rystallographic  measurements.  Gold 
in  .small  (piantity  has  been  found  in  a  number  of  veins,  especially  in  those  in  whicli 
eobaltite  or  mispickel  arc  characteristic  minerals. 

Certain  shipments  from  the  Timiskamiiig  mine  contained  copfKT  in  economic 
quantities. - 

While  we  have  both  native  silver  and  arsenides  in  abundance,  the  compounds 
of  arsenic  and  silver  occur  only  in  small  quantities.  Antimony,  which  is  not 
abundant,  is  found  in  some  compounds  where  w.  wtnM  expect  to  find  arsenic,  since 
the  latter  is  so  much  more  common. 

One  wouhl  also  exp.'ct  to  find  more  .-onipounds  of  bismuth,  since  this  metal 
occurs  in  the  free  t^fate  in  considerable  quantities  in  sonu^  of  the  deposits.  It  might 
also  be  expcrted  that  native  arsenic  woubl  o.-mr.  but  so  far  it  has  not  been  found. 

Xciirly  all  the  cheinical  groups  of  mineral>  found  in  the  celebrated  Joachims- 
thai  deposits  of  B<.hemia  arc  pres,.nt  in  the  Timiskamiiig'  ores.  Th.'  most  important 
exception  is  uraninite  or  pit.hbl,.ndc.  whi.h  came  into  prominence  a  few  years  ago 
as  the  chief  sounc  of  Die  element  radium. 


4i:| 


Order  of  Deposition  of  Minerals 

The  following  table  shows  in  descending  ord.  ■  from  the  youngest  to  the  oldest, 
the  general  succession  in  order  r.f  deposition  .,f  (lie  principal  minerals  of  the  Cobalt 
area  proper.     There  appear  to  be.  however,  minor  exceptions  to  this  order. 

„.,.' """*''  an']  fl"">-ite  have  not  beet,  foun.1  in  the  veins  at  CobnU  proper,  l.urthev  occur 
'*L!l?'''"l'"'*,";r  ;,"  ""•'  "■■  ♦'"''  ^■«'"»  "'■"^  ^-^^  '«'*'■•  ^n^  in  LanUuir  township  ,-«  X 
vT^^ri'  "^*^'  ^"^"'P'"';  ?^''«-     «"'«''  vci..H   ..-  barito  have  aL  boon  found  in   the 
NipNriinr-tliahnso  in  Leonard  and  T.awson  townsliips,  in  the  Oowfranda  silver  ar«» 
•Miller,  W.  O.,  Ont.  Bur.  Min..  Vol.  .\I.\,  101.1,  Pt.  11.  p.  10. 


No.  4 


1918 


^bait  Minerals,  their  Cumposltiun  and  Occurrences 


27 


ASjOj ; 


J II.   l)ico,„,,ositioi.  i,nKl...t>.  ...jr.  ..nthi-it..  or  ,.,.balt  bluo.u,  amuibcrgite  or 

niekt'l  bloom,  and  a^boliIl•. 
II.  Kich  silver  ores  and  tal.-ili'. 
I.  SnialtiU'.  nicolitc.  and  dul,,Miil.'  or  |,iiik  -jiar. 
Aft.T  tl...  niinnal,  of  j:ron|,  1   ^y,u■  depoMird  th.  voin,  w.,v  .ubjctrd  to  a 
sl.;.d.t   inoM.nn.nt.      In    tl,.   .ra.ks   tlu.>    fornud    tl„.   n.inerals   of   frroup    il    w.re 
I  deposited.     A    f..w   veins   that    ..^.aiM.I   the   -listurban.-e  do   „oc   eonfain   >,lver   in 
eroMoniic  quantity. 

I  This  order  of  deposition  appears  to  be  tho  same  a>  that  of  the  mineral  in  the 

I  Aiinaherjr  dep  ns  of  (ierinnny  and  those  of  Jciaehinistha!.  Austria.' 

I  .Mev    -    <".'M'^"li.-:'d  Kni;:hl-M,bjeetedspe.imensof  theeobalt-silveroresof 

I  Cobalt  t.  ex.unmado:, n-  methods  employed   in  metallo-raphv.     While   their 

^  results  ,    .i„no.  m  a  ;^e.,  Tal  way.  MillerV  observations  on  haml  sp;ennens.  and  on 

J  '''"'■'''  "'     "'    ^    ^'"'•-  "■••'•'^'•'1  ""'   tl"^  onl^r  of  do|K)sition  of  the  minerals  in 

I  greater  d.-tad.     They  state  that,  althou-d.  all  of  the  struetures  met   with   in   this 

I exanunafon  .annot  he  satisfaetorily  explained,  they  point   to  the  followin-^  order 

,  of  «  epos.fon  lor  the  prineipal  m.stitnent.    Firs,  .-ame  the  smaltite.  eh.>elv  fCdIowed 

by  the  nuvol,  e:„ther  minerals  in  small  a.nount  ea.ne  down  at  this  tinie.     Then, 

.after  a  penod  ot  sh^ht  m.,veme.,t    ,n   whi.h  the   lirst   .ninerals  were  tnore  or  l^s 

Ctra..tured.  eale.te   was  .lepo.i.ed  as  a   ;:round-mass.      Later  ea.ne  ar.entite.    whieh 

was    follovvd    by    native    silver    and    native    bi>niuti,.      Lastlv    eanie    the    ^urfaoe 

d<roi,i[,osition  prod'.icts.  erythrite  and  annaberj.'ite. 

Arrai,f:e.i  in  order,  the  sU(ces>ioii   i>.  tl,,.,,"  as  follow-- 

Sniiililte.    nieeolite.    period    of   movement    and    fraeinrin,.    ealeite.    ar.entite, 
^!Z.;X'  '"■""'  "'  *'"'""""'^'"""-  "•"'    ''-">    -XlThe  and 

M  Annaberj:.  bismuth  ore  i-  thou.^bt  to  have  I „  ,,,.p..s,ted  with  the  eobalt- 

nekel  minerals  and  no,   wi.l,  ,|,..  rich  .ilver  ore.     Moreover,  at  the  time  Me- 
""'' '""'  '-"^''»  "-I"  'l-'  .-nnination  of  t n.  fro,,,  V,,J        ^.n^ 

:::::'%Ci:Tr\ ''-^'■'- --•--'•='■••'- -vhi,e/;l;\:;:,..;; 

<p.nk,.     The  latter  lia>   n   ,o,i„,   .,  ,„.,,„„  ,„  ,„  „,,„.  ^,,.„,.^^,,.,,_,   ^,_^^__   ^^^^ 

the  uZ^^l'T  "  '","';■  '"'■'>   "•  "'"'•''  '""  '"''^■'  ^■'--  -'-  i"  -l"ti'-  into 
b     :       ■-;!^'-"  ""-'^^    'vi'"theti,.al.     Silver  earb .,„.   A..(T..   Ii,„  .,,„„, 

Pnlm.T  ,n,I  B„,i„.  ,|i,.„,.  ,n,i»1li,.  ,„i„,.„,|.  „,  „„i„if„,l  -  ,r     ri, 


^ilv*'r   Deposits  of  T 


'vi:!l;";"r!::„  ^f '-'"'■"  0.-I..CV.  Vol.  I.  ,006 
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nickel,  (■.u^  clmlcocito  miiiJ  iiiccolitc,  iinci])itiito  iiu'talli.-  sihcr  \cn  cHicii'iitlv  Inn 

dilute  :l(|UeoU>  -dIiiI  i(.ll«  111"  -ilver  sllljiiiate.      lloweMT.  tile  nil. re  eiinniion   >llll>lli(le 

siieii  ii-  |.vriie.  eulena.  iind  >|)liiileriti'  weiv  relatively  inaeiive  a-  |.re.-i|)itarit«  n 
;-il\<T  Inmi  ai|iieiiiN  -iil|>hate  >oliitit.n-. 

AfLTentite.  pn.ii^tite.  mihI  native  Ml\er  in  hair-like  I'l.riii.  ajipear  to  lie  d 
t^eidiiilarv  i.riiriii.     Tlie^e  niiiieraU  are  r.iiiinl  in  viii:>  in  the  lower  w.irkiiiLr-  ••I'  ih 

Iliille-   wliere   tile   (ire   lia-   lie<(i||ii,  Jismer.   (ir   lielnw    the   lirocllletive   /(ine    in    ihe    \ei||. 

'J'lie  -il\er-'u>arinir  >..liiii(in-   wcirkiiiir  (lnwiiwanl   liriieath   the  -ill.   in   tli.'   Iiin 

tiii-eil  nirk~.  lu-t  iheir  -ilver  eiiiitenr  li.v  iiiveipiiiiij.iii  (iniin;;-  in  eniitaet  with  th 

edlialt-ni.'kel  mineral.-  hef.ire  a  .irreat  ileplh  wa-  reached.  Hence  it  i-  imt  ,iir|iri-in: 
to  (ind  that  rich  -ilver  mv  ,],»■>  n„\  eMeiid  to  a-  -r.^t  a  de|itl:  heiieinh  the  -ill  a-  di 
the  eohalt-niekel  oie-.  I'laet ieallv  all  the  -ain|ile-  of  native  -ilver.  ,.\e..|ii  in-'  tlio- 
that  -how  a  crv-talliiie   rorin  or  oenir  in   veinlei-.  eoiiiain   iiiereiiiv. 

Coliiilt  mineral-  are  m1-o  loiiml  in  ;nva-  lyini:  at  -oiiie  di-taiirc  from  the  towi 
III'  Coliall.  'I'he  mo-t  im|iortani  depo-it-  occur  in  South  Lorrain.  fa-ev  town-hi|i 
ami  (iow-iinda.  The  Lake  Sii|,,.,i,,r  ,ih,.,-  ,|,.|io,ii,  ,,|„,  .ontaiii  -mall  amount-  o 
eiihalt. 

Other  minor  occiirreiice-  of  nickel-col.alt  ores  in  Canaila  are  ,>:iveii  in  th. 
••Annual    Ifepori    o|'   ih,.   ( ;eolo;:ieMl    Siirvev   of   Canada."   vol     .\  I  \'     \'M\]     pt     If 

to     ]'.!]'.. 

The   followinir  tahle  -how-   the   production   oT   the  Cohalt    <]i-triet    from    I't'i 

to  im;. 


Total  Production  of  Coiialt    iVlines  1904-tQt7' 
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Total.  4,II.-)S   2S:{.9(i9   S.9.-)0    4.:{SS.4IIO  :{S.7S9  l..-)24..-)li9   274.724.172'   1.51.950. .Mil 
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In  til.'  lollowinj?  tnlilf  a  r.'.onl  ..f  silv.T  sliiiniifiitri  i>inrp  1904  i?  Kivcii. 
Silver  Production.  CobaU  Mines,  1904  to  1917' 


Shipments  and  Silver  Contents 


1 


Ore 


S     oS. 

>■   S5     : 

1904  4 

1!MI5  1« 

liKm  17 

1!HI7  28 

Vm  311 

\vm  81 

lUlU  41 

1911  34 

1912  3(1 
1!»13  35 
l<tl4  32 
1!115  24 
I'llti  2K 
KtlT  2H 


Av. 

|ier 
tun 


Concentrates 


Av. 

Iter       Bill  lion 
tun 


Total 


tons    :     ounees      ounces i  tons       ounces     ounces     ouii.cs 


158 

2.144 

5.335 

14.788 

24,487 

27,72tl 

27.437 

17.278 

10,719 

9.8til 

4.302 

2,865 

2,177 

2,288 


206,8751 

2,451,3.56 

5,401.766 

10.023.311 

1«. 022. 480 

22. 436,. 3.55 

22.. 581. 714 

20.318.626 

15.395..504i 

13.668.079 

6.  .504, 7.53 

6.758,286 

4,672,5(KI 

3,271,3.53 


i26    1 


1.309  .., 

1.143  .. 

1.013.. 

677  . . 

736    1 

80!)   2 

821    6 

176   9 

1 .  436  1 1 

1.386  11 

1,511  12 

2,359  11 

2,146   8 

1.429  13 


137 
948 
H45 
375 
214 
,016 
,1.52 
,<KI()10 
,.561  7 
,720   6 


415.395 
461.470 
,((82,834 
,0.56.189 
,768.228 
,489,321 
,915,9.58 
,  (Mil,  548 
..598.011 
.445.243 


1.244 


174 
(130 
858 
871 
770 
733 
834 
887 
4(>9 


980.  (H3 
3,132.976 
5.  ((80.127 
7. 524.. 575 
9.742. 13(( 
7.986,7(M) 
7, 644,. 579 
8.0.53.318 


ounces 

2((6,875 
2.451.:{56 
.5. 401, "(Mi 
1((,((23,311, 
19,4.37,875 
25,897,825 
3((,645,181 
31  .5((7.79l 
3((,243.8.59 
29.681,975 
25,162.841 
24.746..534 
19.915.((»H( 
19,401,893 


value 

$  ~ 

111,887 

l,360,.503 

3,667.551 

6.1.55,391 

9.1. -13,378 

12,461,576 

15,478,((47 

15.9.T:i,847 

17,4((8,933 

l(i..5.V1.981 

12.765.461 

12.13.5.816 

12.643,175 

16.121.013 


TVr.~  1517568  151.712.9.58    1,(M(1  88.!((i4  71,234,197       801  .50. 145.((38  274.724.172  151.950..561 

\<  »],e  cunp  lia.  devcicpi'iK  the  average  grade  oC  ..re  >hippe(l  has  gradually 
l„wrr.d  in  value.  The  intru.hution  of  (■..neentration  i-lants  in  IKOH  has  tende.l  to 
k.,.,.  th.'  shipments  up  t..  a  high  >ta..dard.  hut  there  is  a  growing  tendeney  t..  tn'al 
the  ore  at  tin.  n.ines  and  re.-over  the  silver  as  hulli.u,  lor  shipn.ent.  The  a^eragc 
nmeentration  ratio  of  the  dilTerent  n.ills  during  lidi  was  IM.  Further  n.lorn.anon 
on  the  tn-atn.ent  of  th..  ores  at  Cohalt  will  he  found  under  thej.ead.ng  ■•  Develop- 
ment of  the   Metallurgv  of  the   Silver-Cohalt   Ores  of   Ontario." 

In  tl>e  purehasn.g  ..f  the  eohalt  ores  payment  i^  made  for  the  silver  and  ui  ^onie 
,.-e<  h.r  the  eohalt,  the  amount  paid  for  the  .silver  varying  with  tiie  grad..  ot  the 
„re  Tlu'  dilTerent  xhedules  that  have  heen  adopted  are  given  in  the  d.-niitu.ns 
of  ti,e  Coniagas  Heduetion  Co.  and  the  Deh.ro  Mining  and  H.-luetion  to.  under 
tile  ■•  Metallurgy  of  Cohalt." 

In  I!)".-,  the  priee  ollered  for  eohalt  in  ores  eontaining  about  (1  per  cent,  eohalt. 

i    f,ll  from  (i.-i  to  :i.-i  eents  a  pound  and  at  the  siune  time  th.'  allowi.nr,.  whieh  Inid 

j    lM...n   ma.le  previ,m>ly  f<.r  the  ni.kel  an.l   arsenie.   viz..   Vt  and   (>.:i  .-.'nt^   a  p.umd 

I    n-pectively  was  eaneelled. 

I  Retw.H'ii  l!t<i.'.  and  1909.  ten  eents  per  pouml  was  allowed  for  the  rohalt  in  the 

I  oiv>  if  liuy  eontained  more  than  C  ju-r  .-enl..  ex.-.'pt  wh.Te  th.'  ni.kel  wa-  great.'r 

I  than  the  cohalt. 

I  Between  UKdl  and  1911  very  little  was  realize.l  for  th.'  eohalt  exeept  in  tlie  ease 

of  high  grade  ores. 

Sinee  1914.  some  of  the  eomvanies  have  h.'en  paying  for  eohalt.  hut  in  -..me 
cases  not  for  silver  in  the  >ame  ore.     Th.'  amount  paid  for  .-ohalt  varies  with  the 
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j,'nt(lc  of  tlir  or.'  and  i-<  ulmiit  as  follov  :  ti\.'  .ciit-  a  i»ouii(i  f.ir  the  col.alt  in  ores 
lii'twccn  f.  and  s  \»'T  iriil..  t'li  ciiit-  a  i>ound  in  ores  Iwtwi'i'ii  s  and  l"  pi-r  ivnt., 
and  tiftci'ii  ifnts  a  pound  in  ori'«  oum    |ii  jut  r.nt.  ■oliait. 

Mo^t  of  til.'  i'i>l>alt  ori'.s  thai  ar.'  pun  lia-.'.l  for  ilw  r.'c.vcry  of  tli.'  .'..'.alt  an; 
tr.'al.'d  liv  Cana.lian  MUrltcrs.  IL.w.'V.'r.  a  ipiantiiv  ,if  or.'  is  import.'.!  I.y  Mn.'li.'rs 
in  til.'  rnil.'.l  Stat.'s.  tln' tiii.'f  'niport.r  li.'iii;;  tlh'  Aiii.ri.an  Sni.'ltin;:  ami  If.-tinin;: 
Conii)anv.  Tli.'  ".'iinsvhaiua  Sni.'ltiii'.'  i'o..  Carn.L'i.'.  I'a.:  lli.'  Hall-a.  Ii  Sni.'ltin;: 
and  If.'tiiiinv'  <'o..  Xt'wark.  SJ..  ami  th"  I'liit..!  Siat.s  M.'taU  Ifi'tinin;:  Co.. 
Clironi.'.    N..I..   also    imp.  rt    small    .luaiititic.   of    ..il.ait    or.'s. 

Shipments  of  .ohalt-nickcl  rcsidm-  fmiii  tli.'  Nipi-MiiL'  lii^'h-^-'rad.'  mill  fon- 
talnin;;  1>  P''r  i«'iit.  ''"halt  anil  t..'>  jicr  c'lit.  ni.k.'l  liav.'  li.'cn  mad."  Itv  the  Xipissing 
Mining'  Co.  to  II.  \Vi^';riii  and  ('....  Hirmiiii.'hani.   Kn;;land. 

A  few  shipm.'iits  .■oiitainin;;  l..")ti(»  .)uiii-.'>  of  -ilv.'r  jht  ton  wore  made  previous 
to  VJl'-i  to  the  (iovt'rniiii'nt  smt-Itcr,  Saxony,  (iernuuiy. 

IJniti'd  States  smelters  import. 'd  during;  l!>l."j.  T.:510  tons  of  ore  from  the 
Colmlt  ilistri.t  containinjj  n.r)S(i.St;{  tine  oiiiK'es  of  silver,  as  a,L.'aiiist  7,"it^6  tons 
containing:  ;?,0G(3..'J01  fine  ounees  in  1914. 

In  I'.Mii  slii|(meiits  of  .ir.'  an.l  c.in.fntrat.'-  from  Cohalt  to  retiiieries  in  the 
tlnite.1  States  .■.•mprise.l  :{fil  t.ms  of  .>re  .arryinu  liis.Ol  I  oiiiu'es,  ami  .■{.Ttiii.;l.'>  tons 
of  concentrat.'s  earryin;:  l.t'.-i'.i.SU  oumcs — a  total  of  -'.iKiT.S.'i.')  ounces  of  silv.'r. 
In  19K  to  relineries  in  the  I'nit.'.l  Stat.'s  th.'i-.'  w.'re  i-.>nsi;:nm.'nts  from  Colialt 
amounting'  to  t'..:inr  tons,  fnmi  whi.li  -^'.Hl  t.2t>T  tin.'  oune.'s  .>f  silver  were  re.-overed. 
These  shi|im.'nts  were  on  the  wh.de  of  i-onsideraldy  lower  v'^ade  than  those  to  the 
home  refineries,  averaprin^r  only  4t!-i  oumcs  of  silver  t.i  the  t.>!i,  as  apiinst  810  ount^es. 
Much  the  larger  quantity  treateil  hy  1'.  S.  [ilants  was  at  tin  vorks  of  the  American 
Smelt inu'- I'v-  Tfi'finin;:  Company,  D.'iiv.'r.  Col.,  and  P.'rth  AmlK.y.  X..T.  Of  the  total 
quantity  of  silv(>r  contained  in  th.'  jirodu.t  <tf  the  Cohalt  mines  in  HUT.  namely 
19,401.891!  ..nnces.  1  l..')04.(i.si  .)uiiii's  w.'r.'  r.'tiiied  at  th.'  mines  in  Cohalt  or  in 
Ontario  works,  hein;:  ahout  T-">  p.'r  i-eiit.  of  th.'  whole. 
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CHAPTER    II 


TMK  MHTALLLWIY  OH  C()liAI.T 


\vr\  lilllt'  \*  kin'Wii  alpiMit  tin'  ili'iail-  i>|'  ilic  nictullur^y  "f  cilialt  in  ((Hiipari-'oii 

Willi   iilir    klliiwlt'il".'!'    Ill'    tl tlnr    Illi'taU.    cVri'lit     li\     IIhim'    ililrrll\    nUlllciliil    «ilii 

llif  iiidu-trv.     It  is  imt  a  new  siilijcit.  »iiii'i'  tlir  tii'atniciit  nf  I'lilialt  iiri'«  wa«  iwac- 

liscil    for   M'MTal    liiiiiiliiil    yrai"    in    l'!iirii]n-.    wliiii'    ti iii|iiii    nf    llir    wmldV 

siii>i>ly  iif  mlialt  was  controlled  until  the  diMovoiy  of  tiic  Canadian  eolialt  dt'jtosits 
in  1!»0:!.  New  Soutli  Walrs.  Norway.  Xew  ('aliMloiiia,  (ierniany.  ('lii'i',  and 
Iliiiijjarv  were  tlu-  cliict'  piodurcr-  of  loUalt  nres,  wliile  tlie  lariri'«t  rctincrifs  were 
l.icati'd  in  (iirnmny  and  Knv'laiul.  Simv  I'.tii-.'  tlierr  iia-  liieii  very  little  lolialt 
ore  mined  outside  of  Canada,  exiepi  in  the  I'nited  States  diiriii;.'   Il>();i  and   \'M"^. 

'leli  th.  re  was  a  l>riiduetiiin  of  tiO  and  lOll  Iciiis  respeetivelv  of  eolialt  oxide  from 
til.  or.'>  of  Missouri.  I'litil  I'-'i;!.  the  world's  annual  production  of  euhalt  oxide 
amounted  to  approximately  ■.'">"  ton>.  hut  within  reeeiit  year«  the  jiroduetion 
has  iiiereased  until  in  I'Mti  it  amounted  to  KMi  tons.  Within  the  last  few  years 
the  ipiaiitity  of  colialt  metal  prodneed  lla^  iiiereaMil  frnm  praeiieally  iiotliinj: 
in  l!ti:{.  to  K;.")  tons  in  I'.Mti.  and  IoH  tmi^  in  I'.MT. 

The  ))riee  i>(  cohalt  oxide  (*•>  jier  cent,  eoiialtl  tlmtuated  little  previous  to 
V.W7.  the  oxide  selling.'  at  |)riies  varyiiiir  from  $l.tlii  to  *-.'.0(i  a  pound.  In  190T  tlii> 
]iriee  rose  to  $'.'.r)0,  luit  in  lI)<iS»  it  drojiiied  to  *l.Ui.  Since  190S  the  price  has 
^irailually  (h'eiiiied,  the  a\era;:('  for  1!>1.">  heiiij:  '.'O  cent«  a  ]iound.  OwiiifT  to  the 
iiicreax'd  present  demand  the  ]>rice  has  risen  to  ^\.')()  (I'.tlT).  The  value  of 
niitallie  cohalt  is  iriven  (  ll>K)  as  *-.'.imi  to  •*•».•.'.")  a  pound. 

]n  reviewing;  the  mctallur;;v  of  cohalt.  two  imticealile  chaiii.'es  are  evident; 
first,  ]irovions  to  the  di-covery  of  the  larv'e  co'ialt  depo-it-  in  Canada,  [iractically 
all  compounds  of  cohalt  were  produced  in  Kuropci  and  >eciiiid.  in  the  Kiiro|)ean 
rdiiieries  iire»  were  treated  for  the  cnlialt  icmtcnt  alone  while  from  the  ores  of 
(  iiiiiiila.  metallic  silver,  cnlialt.  nickel,  and  aisciiic  oxide  are  reco\ered.  The 
nssdciated  metals  are  often  a  -ouri  e  of  revenue  fi'ir  the  -melter-. 

Since  most  of  the  colialt  compound-  |irodnced  in  Europe  were  used  in  the 
cciainic  iiidii.-tries.  and  as  the  reipiireiiu  nt>  of  the»e  industries  at  the  time  were 
not  >ucli  as  to  demand  a  liiirh-irrade  cohalt  oxide,  it  is  reasonahle  to  eoiielude  that 
the  processes  used  in  Kiimpe  did  not  produce  a  hiirh-irradi'  colialt  oxide.  However, 
the  demand  of  the  ceramic  indu-trie-  at  the  present  time  i-  fcr  a  liii:l!-j.'rade  oxide, 
and  this  is  su|)plied  hy  the  Canadian  smelters  at  practically  one-half  the  price  that 
the  low  and  medium  v'ohalt  compounds  or  smalts  were  sold  at  in  Europe  ten  years 
ajro. 

'I'he  elements  arsenic.  sul|ihur,  copjier,  iron,  and  nickel,  which  are  usually  asso- 
ciated with  cohalt  ores,  are  co;ninon  to  the  ores  of  Eurojie  and  Canada,  while  those 
from  New  (^aledonia,  thouirji  free  from  sulphur  and  arsenic,  contain  a  larjje  per- 
centatro  of  nianganpse.  However,  arsenic  ami  sulphur  cannot  he  altofrether  con- 
sidered as  impurities  in  colialt  ores,  since  the  ]iresence  of  either  element  enahles 
the  ores  to  he  reduced  in  lilast-furnaces  to  produce  a  speiss  or  matte. 
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'I'lll'  lllltlll  llillllll  or  the  iiMi||.  ||j|.  liiMT  lirrll  |imip\  ilTil  |||  u  |i|||'i'  Infill  Irnlll 
IPIT«    liv    iliv    tlirtliiiil-.   iiliilii'.    Im'(iiU-i'   111'    il>   il'^iMliltiiill    willi    Illi'tilU    |)i..»i'— illy;    very 

'iniiliir  |iiii|H';li(« ;    In  m  !•  \\v  liml  (  In  nrci!  i,    wii    nnliioiU  ciiiipIiimiI   i purutf 

llif  ji-«iii!iili'il  cltiiii'iil-.  Ill  jiM\  jii'i  liiiiiiiiii'\  tii'iiiiiii'ni  nr  -iiirliin!.'  di'  inlialt  ort'- 
till-  iH'hmiiiU'-  III'  rdliiili,  iiitkri,  Mini  irmi  tmMiiil  iii-riiic.  <iil|iliiir,  iiinl  owp'ii  i^ 
iiii|iiii'tiiiit.  or  the  ilircn  iiictiii-  iiiiki'l.  itiliiilt.  iiinl  ir.in.  iiirkcl  han  llir  }.'ri'Hlc«t 
artiiiity  fur  iirM'iiic.  tlifii  cnliult.  uinl  iii>il\  irmi;  wlnli'  in  tin'  iiim'  uf  (iwjfcn  thoir 
iilliiiilii-  :irc  ri'\cr.i.l.  A-  rc;;ar(l>.  thv  U'lmxiuiir  of  tlifc  iiictiil-  tinvanl'  «iil|>hiir. 
llii'ic  i-  littii'  liiiriTninn.  Iiut  iii.kcl  am!  lulmll  .(ciii  m  iiiiiiltini'  |in'l'cralilv  with 
>ul|iliiir.  AImi.  JHTiiii-c  till'  alliiiilic*  (if  ih,.  ilnvr  iintaU  lie  vcn  rlii-c  tnp'tlicr, 
it  is  imt  iMni.ililf  til  fliiiiiiiati'  inui  as  oxiilr  nr  ^ilirati-  fnun  ii  n.ixtiirc  uf  inui.  nickel 
niul  iiiliait  liv  haviii):  jii-t  >ulliiiiiit  ar-i-nii-  |ircM'iit  tn  I'oriii  arsi-niili's  of  niiki'l  am! 
lolialt.  iKii'  is  it  imssililn  til  ri'iiiiivi'  iron  rrmii  tlii'  ntlu-r  two  in  a  spci—  or  mattr 
li.v  rf-.'ulatin).'  llir  ixtfiil  i.f  nxiilali-ni.  In  Imtli  lascs  sunn.  irun.  iiiikcl.  ami  rulialt 
will  lie  I'liiiml  top'tluT. 

Ciilijilt  ores  an-  conunoiily  snif!t«Ml  in  Mast  furnaces  to  remove  ijanjriu'  minerals 
ami  utlitT  iiii|)uritit>.  v.):..  jruii.  <iil|iliiir.  ami  aiviiii-.  In  tlif  Mast  t'lirmirr  sini'ltinfi, 
a  .speiss'  iir  a  matte-  ami  a  sla;:  are  rurineil.  In  Mast-fiiriiarf  smeltinjf  of  i-olialt 
ores  a  rcitain  ainuiiiit  of  iron  is  always  allownil  to  eiitrr  tlm  !.pciss  ur  matte.  Iiecause 
when  iron  is  pre-ent  very  little  lul.alt  will  In-  I'oiiinl  in  the  sla;.'.  while  a  certain 
aimaint  of  imn  is  neeessary  to  a«^ist  in  the  siili>e<|iiint   preripitation  uf  arsenic. 

The  following.'  elassifii-ation  illii-tiate^  tlie  metalliir;.'ii  ul  treatment  of  cobalt 
ores.  Altliiinj;h  the  proiluition  of  smalt'  directly  froiu  ore  is  not  praitiscil  at 
the  present  time,  this  method  i>  jriven  in  the  classilliation  since  it  was  iised  formerly 
'11   Europe. 

l.Tlie  Kxtraction  of  Coiiait  Oxide. 

A.  Decomposition  of  arsenical  and  sulphide  ores; 

1.  By  smelting'  in  hlast-furnaecs  producing, 

(a)   A  speiss  containing'  chiefly  colialt  and  nickel  arsenides, 
(h)   .\  matte  containing'  chiefly  coliall  and  nickel  sulphides. 

2.  By  other  processes. 

(a)   Wet  processes, 
(h)   l>ry   processes. 

B.  Decomposition  of  oxidized  ores; 

1.  Wet  processes. 

2.  Dry  prore.«.«e.«. 

C.  Decomposition  of  Silicate.'. 
2.  The  Production  of  Smalt. 


I.— The  Extraction  of  Cobalt  Oxide 
A.  1.    Decomposition  of  Arsenical  and  Sulphide  Ores  in  Blast  Furnaces 

.\il   the  colialt   ores  smelted   in   ranaiLi  are  arsenical  ores  rontainiiijr  silver, 
while   those   treated    in    Afissouri   are   sulphide   ores   prartieally    free   from   silver. 


'  Speiss  is  h  nietiilluruirjil  piiMlurt  in  wliirli  tin-  metiils  iirc  pieseiit  lis  nrseiiiilos. 
'Matte  is  si  nictsillurjiical  pnidiict  in  wliirli  the  nietals  me  piesent  lis  snlpliidi's. 
"Smalt  is  ii  silii-!ite  nt'  ciitnilt.  usnl  in  the  piitterv  iniliistries. 
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I  From  tlu'  arwiiical  silvj-r  orw.  nictallic  nihrr  unil  Hrp-iitifcroii.  .|N-i<>.  i.iiiiaiiiinn 
colwlr.  iiitkfl.  inm  aiul  (•()|»|ht  ii»  HMi-niil".  an-  |)r<>.|ii.v<l,  wlnli'  fr,.Mi  tlir  .iilpliiil.' 
ort'-i  a  miitff  coiitniiiiti;;  the  imUiU  ii.  -iil|>lij<l<  -  i.  Innifil.     If  riKirr  ilmii  •uHiricnt 

ar-fiii •  Milphiir  in  |)rf«'iit  tliaii  in  lu'tw-iarv  tn  <oiiiliiiii'  with  ili Imlt,  liuM, 

oopjKT  ai'il  part  of  thf  inm.  ari}  vxvv*y>  i*  rciutixtil  liv  a  pn-viout  roastinj?.  or  a 
mimlicr  "f  (lilTfivnt  ohn  may  Im-  inixcil  to  ;;i't  tin-  prci|MT  i|iiaiiti(\  of  ar-mif  I'nr 
till  lila^t  funiacf  diarp'.  The  iiMial  lila.t  furnan'  rliar^'i'  rc.iitaiii«  nppr.i\iiiiaf"lv 
Iti  [MT  cfiit.  arsenic. 

Ill  till-  lilast-furiiacp  snu'ltinp  ..f  tin-  silver  rohalt  ore-  of  ('ana. la.  tlie  prnilmti 
(if  .-nicltit';:  art'  metallii'  mImt.  api.rnviiiiatfly  M.*,0  fine,  wliiih  rcpr.'M'nt-  al».iit  S3 
|M'r  ifiit.  extraction  of  the  silver  icmteiit  of  tlie  ..re;  an  ar!.'eniil'iiiiiis  *pei"  imi- 
taiiiiiiir  ai»eiii(les  of  eohalt,  iiicliel.  eo[i|MT.  and  part  of  the  iron;"  a  -la^r  eontaiihii)? 

the  lime,  majftiesia  nml  jwrt  of  the  iron  as  silieates;    ainl  tl Iii-t  whiiii  contains 

fine  partiiles  of  ore.  erinle  arseniou-  oviiie.  and  coke  dii-t.  In  -nicliini;  -iiipliide 
ores,  free  from  silver,  atte.  sla;f.  and  fine  .Inst  are  produced.  The  >pei.s  ..r  matt'.! 
then  iindcriroes  further  treatment  for  the  re.overy  of  tlie  (ol.alt.  ni.kel.  ami  silver. 
The  process  of  treating'  speiss  or  matte  consists  of  ^rindinj;  and  roasting',  fol- 
lowed l,\  treatment  with  sulphuric  acid  and  chemicals  to  convert  the  eohalt  and 
nirkel  into  soluhle  compounds.  Ieu\inv'  """'f  "f  the  impurities  in  an  insoliihle  state. 
However,  small  ijuantities  of  iron,  nickel,  copp.r.  arseni.'.  and  -ulphiir  diss.dve 
with  the  eohalt.  and  these  must  1m>  removed,  since  thev  are  ohjc.'tionaMc  in  eohalt 
oxide  to  he  used  in  the  (vramie  industrie.<.  The  maximum  limits  of  tie-  ahove 
inipiiritie.  in  hi;;h->rraile  co))alt  oxide  are.  approximately,  iron  <>.:>  per  cent.,  nickel 
1  Ji  per  (cnt..  copper,  arsenic,  and  sulphur  n.  1  [ter  cent  eaih. 
I  Treatment  of  srround  unroasted  sfM-iss  with  acids  and  diemical-  is  also  pra.  ti^'d. 

The  siiieltinjr  of  arsenical  ores  of  eohalt  is  conducted  in  idast-rurnaces  nt  prcent 
in  ('aiiad:i.  chiefly  at  the  smelters  of  the  Deloro  Snieltiii;:  and  Ffefiniiif:  ('omjiany 
and  the  Coniagas  Reduction  f'ompany.  The  hlast-fiirnace  smeltiiij.'  of  sulphide 
ore-  i-  used  hy  the  Missouri  Colmlt  Company.  Fiedericktown.  >rissoiiri.  wiiidi  was 
foriii.'riy  the  North  America  Lead  ('omi)any.  Sulplii,!,.  ores  weiv  also  treated  at  one 
time  at  th.'  Scopello  works.  Piedmont.  Italy:  at  the  Isahella  works,  in  .Sih.sia;  at 
.Sdiiicchcri.'  in  Saxony:   and  atthe  Christotle  works,  at  St.  Keiiis.  France. 


A.  2  (a).    Decomposition  of  Arsenical  and  Sulphide  Ores  by  Wet  Processes 

Xo  methods  have  ever  heeii  Miccessfuily  praitiscd  to  treat  arseni. al  and  -iilphide 
(ohjih  ores  directly  hy  wet  methods  altuie.  the  reason  heinu  iliat  it  is  more  j.rofitahle 
to  (iiiicentrate  this  class  of  ores  Uy  producing'  a  speiss  or  matti'.  \  few  attempts 
ha\c  been  made  to  treat  arsenical  ores  without  a  preliminary  Mn.dtiii;:  in  idast- 
furnaccs.  h\  first  roastiiij:  the  ore.  which  o|)eralioii  was  followed  hy  treatment  with 
acids.  Owiiijr  to  the  dimciilties  in  operating'  such  a  process,  and  also  to  the  hi;;h 
c()iis!i!,ij.t;,>i,  of  acids  ,iii.l  chemicals.  niii\  -ni.i'l  (jiiiiiiritic»  ,.f  oiv  contiiiiiiiiL'  -malt 
amounts  of  s<duhle  jrnn<jue  minerals  could  he  tn^ated.  The  rea>rents  tried  were 
hydrwhloric.  sulphuric,  or  nitric  acids,  witli  .ir  without  the  addition  of  chemical?. 
Snlutiniis  of  ferrous  rhloridc  were  also  frei|iientlv  tried. 

4    II.M.     (ill) 
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A.  2  (fc).     l)«i:onpMltlo«  of  ArMiikal  mrni  8ulplii«t«  Ort»  by  l»ry  !»««:•»»»•» 

All  rtttfiiipt  wa*  mad.'  in  (k-rmany  to  treut  low-KrHUe  culmlt  ort'»  by  r..a.lin»{ 
with  th.'  addition  of  Milt  and  iron  pyriti'»,  tlio  i«l>alt  U-in^  convrt.'d  into  »olublo 
cobalt  .hloridf.  while  prmtituUy  all  the  iron  n-maimd  at  in«ihiblt'  oxi.ie.  There 
in  no  riHord  of  «tuili  u  proi-i'SM  cv«'r  having  Wn  opt-rated  on  n  ronirni-rcial  male. 

B.  ( I ).    IJccompoiiltloii  of  Oxidiiad  Or«»  by  W«l  ProccitMa 

Thi-  trcatniiiit  of  tlu-  on-H  from  Xt-w  Calodonia  roni<'*  under  thi^  hrading. 
DwomiK.Mtion  of  the  oro  was  i-lTiHtwl  by  trtatm.nt  witli  a  ht.t  ^(duti(.n  of  ferrous 
sulphatf.  For  a  d.-taili-d  doHcription  of  this  method  «i>  the  Hfrrcnschmidt 
proccwcH, 

B.  (I).    l>«compo«ltloii  of  OxMlud  Orw  by  l>ry  Proc«ww« 

An  iitlenipt  was  ina(b'  during  1S<»:{  and  ls!U  I.,  .oncentrat.'  tlie  owiilized  ores 
of  New  CaU'donia  by  producing  a  matte.  As  tlies,.  ores  did  not  contain  sullUient 
•ulpliur  to  form  a  matte,  this  latter  element  mu-t  have  Iwen  added,  probably  as 

pyrites. 

C.  Dccompoaltlon  of  Silicate* 

Silicates  of  cobalt  cannot  be  smelted  with  arsenical  or  sulj»hi<le  ores  to  form 
a  speiM  or  matte.  Iwcaus.-  cobalt  silicate  is  not  deioniposed  by  iron  arwnide  or 
iron  sulphide  to  form  coimlt  arsi^nide  or  sulphide.  Nickel  silicate,  iiowever.  dm-s 
react  with  iron  pyrites  to  give  nickel  sulphide  and  iron  silicate.  It  is  p<)ssiblo, 
however,  under  strongly  reducing  condition*,  to  reduce  some  (obiilt  from  the  silicate. 

The  possibility  of  treating  silicate*  by  wct  methods  will  depend  altogether  on 
whether  or  not  the  cobalt  and  gangue  minertiU  are  decompo.able  by  acids.  How- 
ever, there  are  no  known  occurrences  of  (obalt  silicates  in  nature. 

As  mentioned  alwve,  cobalt  ores  usually  cmtnin  arsenic,  sulphur,  copper,  iron. 
nickel,  and  mangane.se.  The  larger  part  of  the  arseiiu'.  -ulphur.  and  iron  i> 
removed  in  the  prelimiiuiry  blast-furna.  c  treatment.  b>it  the  chief  difficulty  in  pro- 
ducing fairly  pure  cobalt  oxide  lies  in  the  removal  of  the  remaining  small  quan- 
tities of  thes"e  element*.  The  removal  of  these  impurities  will  Ik-  discussed  in  the 
order  in  which  they  are  usually  removed  from  cobalt-nickel  solutions. 

Removal  of  Arsenic  from  Cobalt-Nickel  Ores  and  Solutions 

Arsenic  is  a  common  impurity  of  cobalt  ores,  and  is  very  object ionatde.  espe 
cially  in  cobalt  metal  which  i*  added  to  other  metals  to  make  alloys.  When  dry  or 
wet  methods  are  einployeii  to  (unvert  cobalt  and  nickel  into  soluble  form,  consider- 
able arsenic  dissolves  with  the  former  metals,  and  any  arsenic  in  solution  must  b- 
removed  before  pnM'ceding  with  the  precipitation  of  the  cobalt  and  nickel. 

The  method  of  removing  arsenif  depends  chiefly  on  the  quantity  and  form  i' 
which  it  is  pre*,  iit.  In  case  of  large  quantities  of  arsenic,  roasting  to  convert  ; 
greater  part  of  it  into  volatile  arsenious  oxide  is  practised,  hut  it  is  difficult  t- 
roast  an  :rc  containing  more  than  20  per  cent,  of  arsenic  to  below  7  per  cent, 
because  of  the  formation  of  ars.iiates  of  iron,  cobalt,  and  lime.  The  addition  o: 
carbon  reduces  any  arsenates  to  arsenites.  from  which  compounds  volatile  arsenious 
oxide  is  evolved  on  heatirg.  Thi^  method,  however,  is  too  costly  for  any  extensive 
use. 
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1  III  rn^v  i,(  rmi-lcil  jiriiiliui.  or  on*  loniuiiniii;  •"niH  <|'"n"''iti' •  ••(  iiivnir  in 

llii-  fiTiii  of  Hrit<'imt<'».  I'liciiiiiiil  iiii'tliijiN  rnift  Im'  ii<r<l  i>>  niiinx.'  tlii<  imi.imtx. 

UIhii  ii.liiilt  i.ri«  art'  tnutf.l   in  li|,i»t   liirimn..  i<>ii.|,|itiiIiI<'  inn   i-  iilli.wi.l 

i   to  ctii.T  till-  »|M'i.«!.  or  malt.'.  .0  that  tli.'  I....  of  .olmli  aii<l   niikrl  in  th.'  -la;:  mil 

I   l«  U>w.     A  part  of  tiii<.  iron  \»  .)l»^o|\.-.|  Mitli  tiir  .oUall,  mihI  huIm'I.     .\ii\  iIi....|w.1 

I  iron  ««»i«t.  in  tlif  ri'iimxal  of  arM'tii.'.  for  uli.-ii  a  ."lulion  .ontaiiiin^  nuk.l.  .  .ilmlt. 

iron,  and  arci'iiif  ix  nciitralizi'il  with  ;;rouii.l  .  iii,  inm  rarlMuiat.'.  tli.'  iron  aii<l  ar^'nic 

ionil>in.>  to   form   fi'rrii    ar«nm. .    KcA^H^.   u    Ji^'iit-Lrown.    tin. .  iilrnt    to   v'ranular 

pifripitttti'.     I'raitiially  all  the  ur«iii.   ran  Im  rini..\t(l  in  tin*  wa\.  an<l  if  tlitre 

,  it  not  siitlifiont  iron  in  ih.'  >olution  to  f.,rin  f.  rrir  arx-nati'  nitli  all   llic  uim  nic, 

I  iron  in  some  noluhic  form  i«  adilrd. 

ArM'iiic  may  also  U-  rfinovwl  from  »pe'm  by  heatiiij^  tho  roaot.d  jirodiirt  with 
Midinm  cnrlH.natc  and  iiitn-  to  form  soliil.lo  co<lium  arsenato.  th.-  m.-taU  lormiii),' 
o.\id.«.  This  mt'thod  was  praitistd  for  some  time  l.y  lU>-  Canadian  CopiMr  Com- 
panv.  CopiKT  Clitr,  (ditarin.  in  tlir  tnatm.nt  of  the  silv.T-.olmlt  or.-s.  Th.'  I.a.hid 
^|M'i>>  .(iiifaitiinjr  lip  to  :(  iMT  irnt.  ar.cni.   was  »iiipp,.d  to  N'l-w  JiTs..y  to  !,.•  r.-llned. 

Kemoval  of  Iron 

Any  iron  not  rfmovcd  a>  ferric  arsenate  is  prt-cipitated  l.y  carefnl  additions 
()f  lalciuin   earhonate.   tlie    iron    preeipitatiii>r  as    ferric   hydrat*'.     To   completely 
Ipieeipitiite  the  iron  it  is  essential  that  the  iron  U-  oxiilized. 

Removal  of  Copper 

Copper,  when  present  in  roi.alt-iin  kel  solution  in  quantities  over  O.r,  per  cent., 
presents  .-onsiderable  diflieiilty  in  its  complete  removal.  Small  amounts  of  copper 
'vill  l.e  precipitated  completely  from  cohalt-nickel  solutions  alonj;  with  th.'  iron  by 
the  addition  of  cahium  carbonate.  However,  when  the  ratio  of  the  copiHT  to  the 
iiiball  and  nickel  is  >;rcater  than  1  to  C,  it  is  advifable  to  remove  the  copper,  either 
by  iron  filates  or  electrolytic  methods. 

Removal  of  Manipinese 

There  is  practically  no  manj:anese  in  the  cobalt  ores  found  at  Cobalt.  Canada, 
iiiit  [Uiictically  all  the  cobalt  ores  from  New  Caledonia,  previously  in  larpe  use, 
camel  ;,  high  percentage  of  this  metal.  In  the  manipulation  of  "the  Xew  Cale- 
donia ores  the  solution.*  containing  cobalt,  nickel,  and  manganes,-  were  treated 
*ith  -odium  sulphide,  the  cobalt  and  nickel  being  precipitated  as  sulphides, 
while  [>r;irtically  all  of  the  manganese  remained  in  solution. 

Separation  of  Cobalt  from  Nickel 

After  the  arsenic,  iron,  copper,  and  manganese  have  been  removed,  the  next 
ibi,  is  to  separate  the  cohn]t  and  nicke!.     The  rommonest  method  is  to  prccipit^ite 

|he  cobalt  first,  but  it  is  possible  to  precipitate  it  after  the  nickel. 

I  The  separation  of  cobalt  from  nickel  as  practised  at  the  present  time  is 
practically  the  same  as  it  was  a  number  of  years  ago.  When  a  solution  of  calcium 
liypochlorite    (bleaching  powder)    is  added   to  a  solution   containing  cobalt   and 
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nickel,  the  cobalt  is  precipitated  first  as  a  black  hydroxide,  Co(OH),.  The  pre- 
cipitation may  l)e  carried  to  a  colourless  solution*  without  precipitating  any 
appreciable  quantities  of  nickel.  If  it  is  desired  to  obtain  puu  nickel  oxide,  the 
first  cobalt  hydroxide  is  removed,  and  the  precipitation  of  the  remaining  cobalt 
is  continued  until  the  solution  is  practically  free  from  it,  a  quantity  of  black  nickel 
hydroxide,  Ni(OH)„  being  precipitated  at  the  same  time.  This  intermediate 
precipitation  produces  mixed  oxides,  which  must  be  retreated  to  produce  pure 
cobalt  and  nickel  oxides.  The  nickel  in  solution  is  precipitated  as  nickelous 
hydroxide  or  hydrated  carbonate  by  the  addition  of  a  solution  of  lime  or  sodium 
carbonate. 

When  cobalt  and  nickel  are  present  as  sulphates,  it  is  customary  to  precipitate 
the  cobalt  by  sodium  hypochlorite  instead  of  calcium  hypochlorite,  since  the  lime 
of  the  calcium  hypochlorite  reacts  with  the  sulphate  radicle  to  form  insoluble 
calcium  sulphate,  which  is  difficult  to  remove.  In  case  calcium  sulphate  is  present 
in  cobalt  oxide,  it  may  be  removed  by  a  treatment  with  a  hot  solution  of  sodium 
carbonate,  the  sodium  carlwnate  and  calcium  sulphate  reacting  to  form  sodium 
sulphate  and  .allium  carbonate.  The  sodium  sulphate  is  removed  by  water  and 
the  cakiuni  carbonate  by  treatment  with  dilute  hydrochloric  acid. 

(•ol)alt  may  al-o  be  precipitated  after  the  nickel.  In  tliis  case  soda  is  added 
to  the  boilin-;  "solution  wiiicli  precii.itates  nickel  hydroxide  and  carlwnate  with  a 
small  amount  of  cobalt  carbonate,  while  col)alt  with  a  small  amount  of  nickel 
remains  dissolve.l.  (*ol)alt  is  linally  precipitated  by  add.tions  of  more  soda  or 
chloride  of  lime.  The  writer  is  not  aware  of  tiiis  method  being  practised 
comnierciallv. 


;' 


Methods  Used  or  Proposed  to  Treat  Cobalt  Ores  for  Cobalt  Oxide 

In  the  following  i)ages  of  this  section  a  l>rief  outline  is  given  of  the  methods 
practised  successfully  at  the  present  time  and  those  formerly  employed  in  Europe. 
This  is  followed  i)y  a  summary  of  all  the  processes  that  have  been  proposed  to  treat 
cobalt  ore*.  Very  few.  if  any.  of  these  latter  processes  could  ever  be  successful 
on  a  practical  scale,  while  some  are  nu-rely  laboratory  methods.  .\n  outline  of  all 
the  i)rocc-scs  is  incorporated  in  this  review  jnerely  as  a  reference  for  anyone  under- 
takiiiff  an  investigation  of  the  r.vovery  of  cobalt  from  its  ores.  A  more  detaile.l 
description  is  given  of  the  i)rocesses  and  smelters  of  the  Coniagas  Reduction  Com- 
panv.  Limited,  and  the  Deloro  Smelting  and  Refining  lompany.  Limited,  since 
tiiese  two  smelters  are  tiie  most  succe^-ful  ones  at  the  present  time.  The  Herren- 
scJiniidt  i.rocess  is  also  considered  in  detail  as  a  large  quantity  of  New  Caledonia 
ores  w.Tc  formerly  treated  by  this  method.  .Ml  the  other  processes  are  groupe.l 
toirether.  mention  Only  beinir  made  of  dilTcrenc's  in  the  |.roi)o>ed  treatments  that 
mav  |ii).>ililv  lie  of  interest. 

The  methods  employed  l>y  Canadian  companies  are  first  described. 


■  \  sulutn.n  .M.ntaiiMnn  api-n-xiihuU-ly  !..->  tu  -2  p;,rts  nl'  uh-M  s.ilplu.t.'  t..  1  pavt  ->! 
ooLalt  .ulpliate  is  ,„».-ti..nllv  .•olou.l.-ss.  If  eol.alt  h  piosent  in  u  argcr  rat.o,  the  solutum- 
an    pi.il"  !..  ..■.!  i..  ...1......  vvl.ilc  if  tl.o  ratio  of  tl.o  eol.alt  to  nickel  is  less  the  solutions  ar.^ 
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ConlaK«8  Reduction  Company  Limited' 

The  Coniagas  Mines  Limited,  of  Cobalt,  Ontario,  owns  practically  all  of  the 
issued  capital  stock  of  the  Coniagas  Reduction  Co.,  Limited.  The  head  office  of 
the  company  i.-  at  St.  Catliarincs,  Ontario,  but  the  .smelter  is  situated  at  Thorold, 
six  miles  west  of  Niagara  Falls.  The  company's  property  comprises  160  acres, 
of  which  ♦'■'.  smelter  occupies  al)out  four,  with  a  frontage  of  l.oOd  feet  on  the 
WcM,  .  anal.  It  is  also  served  by  tiie  (irand  Trunk,  and  Niagara.  St.  Catharines, 
au.i  Toronto  railways. 

The  construction  of  the  snu'ltcr  was  begun  in  March.  liinT.  and  actual  smelting 
dPinincnccd  in  May.  19(iH.  it  was  erected  for  the  treatment  of  ores  from  the 
Coniagas  mine.  Iiut  its  capacity  is  sufficient  to  smcdt  a  certain  tonnage  of  other 
silver  ores  from   Cobalt. 

The  process  in  use  at  this  smelter  is  as  tVdlows:  The  ore  is  crushcil.  ground  in 
a  Knipp  i)all-mill.  and  sampled  by  a  Vc/.in  automatic  sampler,  two  separate  samples 
being  taken.  The  ground  ore  is  smelted  in  a  blast-furnace  with  limestone  and 
iron  ore.  the  products  lieing  impure  nu'tallic  silver,  an  argentiferous  speiss  con- 
taining c(ii)alt,  nickel,  and  iron  as  arsenides,  also  Hue  dust,  and  slag.  The  imjiure 
silver  is  cast  into  anodes  and  refined  electrolytically.  The  speiss  is  treated  with 
chemicals  to  recover  the  silver,  cobalt,  and  nickel.  Various  grades  of  cobalt  oxide 
containing  from  60  to  TO  per  cent,  metallic  cobalt,  arc  produced,  according  to  the 
demand  of  the  market.  The  cobalt  oxide  contains  less  than  1  per  cent,  nickel  and 
only  small  proportions  of  sulphur,  lime,  and  iron.  The  arsenical  funn-  from  the 
dust-flues  and  collectors  is  treated  to  produce  rcdru'd  white  arsenic  which  iissjivs 
over  90  per  cent,  arscnious  oxide. 

To  operate  the  jiliint.  from  'Hw  to  :itio  hor-e-power  is  refjuired.  whicli  is  trans- 
mitted from  Niagara  Falls.  The  smelter  lias  a  monthly  capacity  of  •^50  tons  of 
iiiw  ore.  The  limestone  flux  is  obtained  from  Port  Colbornc.  'i*^  mib's  xiutli.  and 
the  iron  ore  from  ilichigan. 

This  companv  produces  rclinei]  silver,  cobalt  oxide  and  inetal.  iiiikc]  nxiclc  and 
niital.  white  arsenic  and   metallic  arsenic. 

The  output  of  the  -nielter  since  the  connncncenient  of  operations  is  given 
bcldw.  The  production  of  ciibalt  and  ni.kel  oxides,  as  shown  in  the  table,  repre- 
sent- the  robalt  and  nickel  conti'iit  in  relii.cd  oxides  and  various  products. 


Year 

Ore  Treated 

1 

tons 
2(«i.8(l 

Silver— Fine 

ounces. 

3(«).(i83 
l.(i.59.()((4 
3.485.243 
5.770.271 
4.824.032 
4.977.012 
3,8(i5..54() 
3. 445.  (Mil 
4,428,913 
2,954.()(i5 

(•ol)alt 
Oxiile 

tons 
5 . 5 
0.9 

53.8 

()0.5 
129.(1 
250. (i 
171.9 

.59.0 
I'M). 4 

49.  (i 

Xickel 
Oxiile 

tuns 
1.5 

Wliite 
.Arsenic 

IfKIS 

tons 
13.5 

1909 

1.1  Hi. 90 

KHI.d 

HiKI 

2.017.25 

13.2 

17.3 

.50.7 

1I5.() 

124.9 

mi.  8 

07.  (i 
38.9 

5.57.7 

Kill 

2.821.50 

-m.\ 

1912.... 

2.288.77 

(>30.7 

1913 

2.509.80 

319.4 

1914.... 
1915 

1.9«8.78 

2.541.(M» 

3it<l.2 
472.8 

191(1... 
I<il7 

2.718.8(5 

2.1)33.25 

420.8 
.')'')  5 . 3 

'Ciilc.   ,\rtlciir   .\.,    Ri'iiiirt   of  tlic   Tiniiskiiniin;,'    and    Xortlicrn    Ontsirio    Riiilwa.v    d 
iiiii.  ToMPiitii.  Caniida,  191L',  p.  <)9. 


38 


Bureau  of  Mines 


No.  4 


lli' 


The  smelting  schedule  of  the  Coniagas  Reduction  Company  in  condensed  form 
is  as  follows: 

.sV/)?(fu/('.— Percentages  of  silver  to  be  paid  for  on  commercial  assay  of  the 
silver  content  per  ton  of  3,000  pounds  as  follows: 


55  per  cent,  for 

73 

78 

84 

91.3    " 

92.5    '• 

93.5    " 


50  ounces  and  prop..rtionate  increase  in  percentage  up  to 

200      "         •'  "  "  "  •• 

.SOO      " 

500  " 
1,000  " 
1..500  " 
2,000  " 
3,(K)0  and  over. 


200 
300 
500 
1.000 
1.500 
2,000 
3,000 


Sampling  to  be  at  vendor's  expense. 

All  ore  pureh~sed  to  be  subject  to  a  refining  charge  of  0.75  cent  per  ounce  of 
silver  content. 

Payment:— 75  per  cent,  of  the  amount  30  days  after  date  of  weighing  and 
sampling  reports ;  25  per  cent,  of  amount  90  days  after  date  of  said  report. 

Price  of  silver  to  be  determined  by  New  York  quotation  as  given  by  Messrs. 
Handy  and  Harman  to  Western  Union  Telegraph  Company  on  dates  of  settlement. 

Deloro  SmeUinK  and  RefininK  Company  Limited' 

The  Deloro  Smelting  and  Refining  C()in|)any-  is  a  dose  corporation  controlled 
by  M.  J.  O'Brien."  owner  of  the  O'Brien  mine.  Cobalt,  and  Miller- Lake  O'Brien 
mine.  Gowganda. 

The  smelter  is  located  at  Deloro.  Hastings  county,  Ontario,  one  mile  from 
Marmora  station,  on   the  Canadian   Northern   raihvav. 

The  plant  was  l)uilt  and  operated  first  as  an  arsenic  refinery  by  the  Canadian 
Goldfields.  l)ut  was  entirely  remodelled  in  1007  by  the  present  o\;ners  to  smelt 
ores  from  Cobalt.  ])articularly  those  of  t!ic  O'Brien  mine.  During  the  year 
3!)08  a  separate  and  extensive  plant  wa.s  added  for  the  i)n)duction  of  cobalt 
and  nickel  oxides,  and  this  has  been  in  successful  operation  since  May,  1910. 
When  the  plant  was  first  erected  the  products  were  limited  to  silver,  refined  arsenic, 
and  mixeil  r)xides,  Imt  it  has  l)eeen  gradually  extended  and  at  present  the  company 
produces  refined  silver,  cobalt  oxide  and  metal,  nickel  oxide  and  metal,  and  white 
arsenic.  There  is  also  an  equipment  for  the  production  of  the  cobalt-chromium- 
tuiigsten  alloy  known  as  stellite.  used  for  high-speed  cutting-tools. 

Tri'iilwciil  of  Orc^.—Orvs  an.l  mill  ])roilucts  from  Cobalt  are  purchased 
on  a  Imsis  of  the  silver  content.  Sampling  is  done  carefully  under  the  super- 
vision of  a  rei)rcsent!itive  of  the  seller,  tiie  process  in  use  being  as  follows: 
Each  carload  <.f  ore  is  stored  in  a  separate  bin.  from  which  it  is  removed  and 
crushed  to  1.5-mesh  in  a  ball-mill,  to  which  is  attached  a  Snyder  sampler.  This 
machine  takc<  aliont  .jO  samples  a  minute,  each  one  representing  10  per  cent,  of 
the  gniniid  niatcrial  leaving  tlie  mill.  Tlie  total  sample  is  subdivided  until  a  final 
sample  of  about  20  pounds  is  obtained.     The  coarse  scales  of  silver  which  do  not 

'  This    conipain 
Liniitcil. 

H'oli'.   Arthur   A..  Roport   of  tl 
sfon.  Toronto,  Ciiuidn.  j).  74.  lOl.'!. 

'  N'ow  M.  J.  OMtricii.  I.iinit.Ml. 


«!.s    form.-rly   known   a-   th.'   Doh.ro    MiiiiiiK   and    K«>.liiftioi,    Cump.anv. 
Titiiiskiiiiiiiij;   an.l   NurthiMii    Ontario   Railwjiv   romniis 
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,„..,  throujL'li  the  ball-mill  screens  are  melted  and  cast  into  a  bar  which  is  weighed, 
sampled  and  assayed.  The  final  assay  of  the  ore  is  calculated  from  the  assays  of 
the  ore  and  scales. 

The  foUowing  are  typical  assays  of  ores  and  mill  products  received  at  the 
smelter  up  to  11)15:  


f*ro«luct 


Ag 

per ton:    Co 
Oz. 


Ni    !    Cu 


Fe 


Ore  (hand-picked) 2.194  7.9 

JiK  product 1.442  10.4 

Table  concentrate 1,426  8.2 

Slime           "         1      324  2.1 


4.3     0.10 
5.8 
3.8 
0.5 


5.0 
0.20  H.o 
0.25  11.6 
6.8 


As 


30.2     1.70 


SiO,  I  CaO     MbO 


47.2 
37.1 
10.0 


3.70 
8.25 


4.17 

4.5 

9.5 


2.98     58.3 


15.0 
5.2 


2.5 


2.7 
0.8 


1.92 


The  ground  ore  with  the  required  fluxes  is  mixed  in  a  pug-mill  and  smelted 
in  a  low-pressure  blast  furnace,  the  products  being  metallic  silver,  an  argentiferous 
speiss.  slag,  and  flue  dust. 

The  silver,  which  is  about  850  parts  fine,  is  charged  into  an  oil-fired  refining 
furnace  and  the  impurities  oxidized.     Silver  996  parts  fine  is  produced. 

The  argentiferous  speiss  is  re-crushed,  roasted  in  coal-fired  reverberatory 
furnaces  or  in  an  oil-fired  Bruckner  furnace,  i^nd  the  product  conveyed  to  the 
chloridizing  furnaces,  where  it  is  heated  with  .salt. 

The  chloridizod  speiss  is  charged  into  agitating  tanks  where  the  silver  is 
extracted  by  sodium  cyanide.  Met- 'lie  silver  is  precipitated  from  the  cyanide  solu- 
tion by  the  addition  of  aluminum  dust.  This  process  was  developed  by  Prof.  S.  F. 
Kirkpatrick,  Queen's  University,  Kingston,  Canada.  The  silver  obtained  is  excep- 
tionally high-grade,  and  the  cyanide  is  to  a  large  extent  regenerated.  The  silver 
from  the  refining  furnace  is  mixed  with  the  silver  precipitate  from  the  cyanide 
process  and  treated  with  borax  and  nitre  in  an  oil-fired  tilting  furnace,  after  which 
it  is  poured  into  moulds. 

The  residues  from  the  cyanide  treatment  are  given  further  treatment  for  the 
separation  by  precipitation  of  the  cobalt  and  nickel. 

Power  is  supplied  to  the  smelter  from  Campbellford  l)y  the  Ilydro-Electric 
Power  Comniission  of  Ontario,  over  a  2"?-mile  transmission  line,  at  $20  per 
horse-power  year.     To  operate  the  plant  300  to  400  horse-power  is  required. 

The  following  taide  shows  the  production  of  tiie  Dcloro  smelter  since  IDOS: 


Year 


Ore  Treated 
tons 


.Silver,    Fine 
o/.s. 


Oo)«lt  and 

mixed  Oxides 

tons 


l!Mm  to  1912. 

191S 

1(114 

l!t!5 

1916 

I!II7 


11,  (Hw 
2,920 
3,612 
4,6,-?4 
:{.o.>i 
3,086 


20.339.860 
6,3.iO..")00 
5.207,  (MM) 
f>,429,7!»4 
5,234.620 
3,474.613 


.i(M) 
190 
300 
256 


Refined 

Arsenic 

tons 

3,275 
893 
1,038 
1,6.H4 
1,627 
1,809 
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Schedule.— Vayment  is  made  for  98  per  cent,  of  the  silver  content  of  the  ore 
determined  by  commercial  assay,  on  the  following  terms  and  conditions: 

Treatment  charge,  $25  a  ton  of  ore. 

Refining  charge,  0.76  cent  per  ounce  of  silver  content  on  ore  assaying  3,000 
ounces  and  over  per  ton;  one  cent  per  ounce  on  ore  assaying  2,000  to  3.000  ounces 
per  ton;  one  and  one-half  cents  per  ounce  on  ore  assaying  less  than  2,tKK)  ounces 
per  ton. 

Terni^  of  payment,  7.5  per  cent,  of  net  proceeds  :<0  «iavs  after  completion 
<.f  sampliiiff.  All  ore  is  t..  be  delivered  ii>  carload  lots  f.o.i>.  Marmora  station 
and  to  Ir.  at  the  shipper's  risk  until  sampling  is  undertaken. 

Canadian  Copper  Company 

.The  cobalt  plant  of  the  Canadian  Copper  Company  was  situated  at  Copper 
Cliff,  about  one-quarter  of  a  mile  south  of  the  large  copper-nickel  smelter  of  the 
same  company.' 

The  works  were  designed  to  smelt  and  treat  ores  and  concentrates  from  the 
CoJHilt  silver  mines,  and  wen-  in  operation  from  1!M».-,  to  lltl.J  This  plant  was 
closed  because  of  the  extended  treatment  of  the  ores  in  cyanide  plants  at  the  mines 
The  tollowing  IS  an  outline  of  the  method  used: 

Treatment.— Thv  ore  was  crushed,  ground  in  a  ball-mill  to  .{O-niesh,  and  from 
the  ground  ore,  one-tenth  was  removed  by  a  Snyder  sampler.  Samplinjr  wa.  com- 
pleted by  coning  and  rjuartering.  The  first  quartering  divided  the  sample  into 
two  parts,  which  were  treated  as  two  independent  samples.  The  ore  was  .har-nMl 
w-ith  suitable  fluxes  into  a  IJO  by  72-inch  blast  furnace,  having  a  capa.itv  of  •>.-,  to 
30  tons  per  -^4  hours.  Limestone  from  Michigan  was  used  as  a  basic  flux,  and  low- 
grade  cobalt  ore  as  an  acid  flux  when  required. 

The  products  of  the  bb.st  furnaces  were:  silver,  speiss,  slag,  and  flue  ,lt.st  .-on- 
tainmg  hue  ore,  coke,  and  crude  arsenic  oxide. 

The  silver  and  speiss  were  tapped  from  the  furnace  through  the  h.wer  tan-bob 
and  allowed  to  settle  in  a  slag  pot,  the  silver  going  t..  th.-  l.ott..m. 

The  silver  button,  assaying  ,S.5()  parts  fine,  and  weighing  about  ."io  to  V,  pounds 
represented  an  extraction  of  about  tr>  per  cent,  of  the  silver  in  the  ore  The  ,rn„,e 
of  the  s.lver  was  raised  to  -.SO  parts  tine  in  an  oil-lire.l  .vliuing  furna,e  wiu.-b  bad 
a  capacity  o.  ;{.i..i.i0  ounces.  It  was  shipped  in  bars  to  tl,..  Ralbad,  Sn.elti,,..  and 
Refming  Company.  Newark.  X  J.,  f,,,-  furtber  refining.  The  slag  Iron.  tb..  rcfiiiin-r 
furnace  was  returned  to  the  blast  furnace. 

.\n  average  analysis  of  tl...  sp.iss  produce.l  is  as  follows:  silver  !M.n  ,„   „.,.  ton 
arseni...   ^   to   :5„   ,„,,•  ,,.,.t..   cobalt    ■>',.    nickel    !.   to    i:,.    iron    -'O.   copper   -    and" 
sulphur  (i.  '  ' 

Previous  to  lOOO  the  bb.M   furnace  sp„i..  ,,,  .,„„„.i  , ,,,.^„„,   ,,,  ^^,,^^^,^^. 

nu-t  ol  the  arsenic.  The  roas.cd  speiss  was  mixed  with  sodium  .-aibona,,.  and  nitre 
and  again  heated  By  this  treatment  the  arsenic  was  clian^.d  to  soluble  s'.dium 
arsenate,  the  cobalt  and  nickel  ,o  oxides.  .After  removing  the  soluble  ars-nate  the 
n.sidue.  termed  leached  sp..iss.  ..oi.taining  2  to  :i  p,.r  cMit.  arsenic   and  .-onsidendile 
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silver,  was  shippt-d  to  New  .TtTsey  to  Itc  rctiiicd.  The  almve  mctluxl  of  treatnipnt 
was  changed  alwut  1909  in  order  to  recover  more  of  the  silver,  the  new  process 
being  as  followti: 

The  .xpeiss  was  groinid  to  .'io-nu'sh.  mixed  with  '^  per  cent.  salt,  and  masted 
in  niechanieallv  rabltled  Edwards  furnaces,  fitted  with  water-C(M)led  rabliies.  Each 
furnace  had  a  capacity  of  2.400  pounds  per  21  hours.  The  chloridized  speiss  was 
tiicu  treated  witii  water  to  dissolve  the  solubh-  cobalt,  nickel,  iind  .ojiper  salts. 
Tlic  solution  was  passed  through  a  tank  containing  scrap  iron,  which  i)recipitatod 
the  copper,  after  which  the  cobalt  and  iiickel  were  precipitated  as  hydroxi  les  by 
caustic  soda.  I'onverted  into  (.xides  in  an  oil-tired  furnace,  ground  in  a  pebble-mill, 
and  liarrclled  f<ir  shipment.  .Vn  ai>proxinnite  assay  of  this  material  is  as  follows: 
silver  l.j  oz.  JUT  ton.  arsenic  0.:{.  i-ol,alt  10.  and  nickel  ;}  per  cent.  The  small 
amount  <(  nickel  in  the  foregoing  analy>is  in  proportion  to  the  cobalt  is  due  to 
the  nickel  chloride  being  more  readily  decomjKiscd  than  the  cobalt  chloride.  The 
treatment  of  the  speiss  wii>  continued  with  four  covers  of  liyposnljihitc  of  soda 
solution,  the  residue  finally  .-ontaining  2(t  to  ;{0  oz.  of  silver  per  ton.  The  silver 
was  pre<ipitate(l  as  sulphid<'  iiy  the  addition  of  a  saturated  solution  of  sodium 
sulphide,  filtered  in  a  filter-press,  dried,  mixed  with  100  per  cent,  sodium  nitrate 
and  10  per  cent,  sodium  carbonate,  licatcd  to  redness  in  an  oil-fired  roasting  fur- 
nace, and  then  transferred  to  tanks  where  it  was  leached  with  hot  water.  .\  spr.ngy 
mass  of  metallic  silver  remained,  with  a  small  quantity  of  cobalt  and  nickel.  The 
s[pongy  mass,  which  contained  from  (Id  to  C")  p.-r  cent,  of  silver,  was  added  to  the 
biith  in  t!ie  silver-refining  furnace. 

The  residues  from  the  first  bypo>ulphit<'  Icacliing  were  mixc<l  with  quartz  and 
incited  in  a  Ma<t  fuina<-e  to  remove  the  iron.  The  resultant  products  were  slag. 
spci'-.  and  flue  dust. 

The  slag,  which  contained  !.'»  ounces  silver  per  ton.  Id  per  cent,  cobalt,  and 
!.->  than  I  per  cent,  nickel,  was  smelted  with  other  high-silver  slags,  and  j)vritc 
from  Capclton    Queiicc. 

Th..  -|iei->  from  this  second  smelting  had  the  following  approximat.'  com- 
p.  Mtinn:  silv.T  :!dd  ounces  per  ton.  arsenic  2:.  to  .'{O  per  cent.,  cobalt  :i.").  nickel  ■>:>, 
ii'  n  ;!.■■..  and  copper  2  j.er  <eni..  also  i.   little  sulphur  when  th."  arsenic  was  h.w. 

The  seem. I  speiss  was  treated  similarly  to  the  first  up  to  the  time  when  the 
llr-i  residue  was  removed  from  the  cylitid.Ts  after  treatment  with  hyposulphite. 
The  second  speiss  residue,  which  contained  2d  per  cent,  arsenic,  wns  mixed  with  20 
!"■■•  c..tit.  >.i.liuni  nitrate  and  Id  ,,er  cent,  sodium  carbonate,  and  roast..,l  in  n  hand- 
n:Mile(l  re,,ri,erat.,rv  furnac.  This  treatment  changed  the  arsenic  to  sodium 
iH-eiiiite.  which  wa~  dissolved  in  h,.t  water,  the  solution  being  discarde.l.  The 
re-p!i!e.  .liter  dryin;:.  had  the  ftillowing  appn.ximatc  composition:  silver  •><>  to 
■y  "'.  pel  ton.  Mr-cnic  d.:{  to  d.:  per  cent.,  cobalt  ;{.-.  to  :iT.  nickel  23  t,,  2.'..  c.pper 
■'■■  itiid  ;i(in  .•■)  per  cent. 

I'avnietit  w;is  received  for  the  sihcr  in  the  residues,  as  well  as  for  ilie  coi.alt 
:inil  nickel  oxides. 

The  iirMMiious  oxide  from  the  blast  furmice  and  roasting  furmn-cs  was  c.,li,,fed 
HI  tin-  „.,!:  chargeil  into  an  arseni<-  relining  furnace.     The  residue,  a  clinker  iii-h 
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in  silver,  was  returned  to  the  l)lant  furnuce.  The  final  product  was  refined  white 
arsenic  which  contained  99.98  per  cent,  arsenious  oxide  (As,Oj)  and  0.3  ounces 
of  silver  per  ton. 

The  slag  from  the  hlast  furnaic  was  rejected  except  when  it  assayed  more  than 
10  ounce's  of  silver  per  ton.  in  which  ca.se  it  was  retreated  in  the  blast  furnatc. 

The  200  to  300  horse-power  required  was  supplied  from  the  company's  plniit 
at  High  Falls,  14  miles  from  the  smelter. 

The  following  table  shows  the  ore  treated  and  the  production  of  the  cobalt 
plant  of  the  Canadian  Copper  Comiiaiiy  from  the  commencement  of  operations  to 
their  close  in  1913. 


Year 


Ore  Treated 
Lb8. 


Silver,  Fine 
Ou. 


Metallic' 


Cobalt 
lbs. 


Nickel 
lb8. 


White 

Arsenic 

lbs. 


1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

Total 


1.767.692.5 
4.560,627.5 
9,8.57,072.5 
10.651,189.5 
9,792,511.0 
6.744,108.0 
.3.667. 301.0 
186,(>02.0 


282, 
829, 
5.51, 
779, 
696, 
.584, 
523, 
47, 


692.78 
.542.82 
.582.07 
014.55 
624.87 
102.46 
207.80 
.590.00 


9,021 
331.151 
464,171 
690,7.37 
346,483 
2.38.684 
223, 163 
15,506 


3.987 
1.38.427 
268,140 
463,588 
260,7.56 
234,. 323 
209,330 

7,161 


510,622 
942,827 
1,242,722 
843,619 
680,074 
476,1.56 
95,669 


47.227.104.0   41,294,3-57.35  !  2.318,916  '■     1,585,712  1   4,791,689 


Canada  Reflnlni;  and  SmeltinK  Company  Limited 

The  plant  of  the  Canada  IJefming  and  Smelting  C()mj)any  Limited,-  was 
situated  in  the  southern  part  of  the  town  of  Orillia,  Ontario,  and  adjacent  to  the 
Grand  Trunk,  Canadian  Pacific,  and  Canadian  Northern  railways. 

Construction  was  started  early  in  September,  1910,  and  smelting  was  com- 
menced in  February,  1911. 

The  plant  was  designed  for  the  treatment  of  silver  ores  from  Cobalt,  and  had 
a  capacity  of  about  13  tons  daily.  It  produced  refined  silver,  white  arsenic,  and 
mixed  oxides  of  cobalt  and  nickel. 

This  plant  has  not  been  operated  since  early  in  1913.  but  the  treatment  of  the 
ore  was  as  follows : 

The  crushing  and  sampling  was  done  at  Cobalt  by  Campbell  and  Deyeil. 
samplers  and  assayers.  before  shipment  to  the  smelter.  The  ore  was  smelted  in  a 
4S-inch  circilar  shaft  furnace,  which  produced  silver,  argentiferous  speiss.  slag. 
and  flue  dust. 

The  silver  recovered  from  the  furnace  assayed  900  parts  fin  and  ropresenti'd 
an  extra.tion  of  80  per  cent.  It  was  refined  to  996  parts  fine  in  a  cupellaticn 
furnace   of   a   capacity   of    10.000   ounces.     The   slag   from    the   refining   furna.,e 


'  Thpso  figures  Tcprosont  tlic  motallic  nickel  and  cobalt  contained  in  the  cnule  oxiil.'S 
in  which  form  they  were  shipped. 

'Colo.  Arthur  A.,  Report  of  the  Tcmiskaming  and  Northern  Ontario  Railway  Co'ii- 
mission,  Toronto,  Canada,  p.  68,  1913. 
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reverted  to  the  blast  furnace.  Linustime  and  iron  (ire  were  used  as  fluxes  wlieii 
required,  the  limestone  bein^  obtained  from  J.orij.'f..rd  quarry,  nine  niile.s  di.stant 
from  the  smelter,  and  the  iron  ore  brou>:ht  from  Midhind,  Ontario. 

The  speiss  was  ground,  roasted  and  re-;,'round.     It  was  treated  with,  chemicals, 
wlien  most  of  the  metals  except  the  silver  were  dissolved.     The  impure  silver- 
bearing  residue  was  separated  from  the  liquor  in  filter-presses  and  recharged  into 
tlie  cupola  furnace. 
I  The  iron,  arsenic,  and  copper  were  first  precipitated   from   the  liquor,  and 

finally  the  cobalt  and  nickel  precipitated  together  as  carbonates.  The  mixed  car- 
bonates were  heated  in  a  h-^arth  furnace  and  converted  to  oxides  which,  after  Iteing 
ground,  were  barrelled  and  shipped.  The  oxides  assayed  4(1  per  cent,  of  cobalt 
and  25  per  cent,  of  nickel. 

The  flue  dust  was  treated  to  recover  pure  arsenious  oxide. 

About  300  horse-power  was  required  by  the  plant.  This  was  supplied  by  the 
town  of  Orillia,  from  a  hydro-electric  installation  18  miles  distant/  from  tlie  town, 
at  the  rate  of  $18.40  for  24-hour  service  per  horse-power  year.  About  80  men 
were  employed. 

Metals  Chemical,  Limited 

During  V3W  Metals  Chemical  Limited,  Welland.  Ontario,  erected  a  plant  to 
treat  low-grade  Cobalt  ores  and  residues.  The  ores  are  smelted  in  a  blast  furnace, 
with  a  capacity  of  30  tons  of  ore  per  day.  The  products  of  the  furnace  are  silver, 
speiss  and  slag.  The  .speiss  is  roasted  to  remove  the  arsenic  and  the  roasted  product 
treated  with  chemicals  to  dissolve  the  cobalt  and  nickel.  The  following  products 
are  shipped:  cobalt  oxide,  cobalt  carbonate  and  sulphate,  nickel  oxide  and  sulphate, 
refined  silver  and  white  arsenic  (As„0,). 

The  Standard  Smelting  and  Refining  Company  Limited,  erected  during  1014, 
a  >..iall  plant  at  North  Bay.  Ontario,  to  treat  ores  from  Cobalt.  This  com- 
pany in  191,5  moved  its  works  to  Orillia.  Ontario,  and  cobalt  ores  were  treated 
iluring  part  of  1916.  The  company  went  into  liquidation  and  the  jdant  was  taken 
over  by  the  International  Molybdenum  Co. 

Under  the  provisions  of  the  "  Metal  Refinii:g  Bounty  Act,"  passed  by  the 
Ontario  Legislature  in  1907,  there  was  paid  a  bounty  of  six  rents  a  pound  on  the 
metallic  contents  of  cobalt  and  nickel  oxides  produced  within  the  Province.  The 
total  bounties  to  be  paid  in  any  one  year  were  not  to  exceed  the  sum  of  $.'{0,000  for 
cobalt  and  $60,000  for  nickel.  This  Act  expired  in  April.  l!>ir.  Th..  table  given 
below  shows  the  total  amount  paid  in  bounties. 

Summary  of  Bounties  Paid 


Company 


Cobalt 


Nickel 


Total 


Deluro  .SmeltiiiK  and  ReHning  Co.,  Ltd 

("iiiiiiias  Reduction  Co.,  Ltd 

Metals  Chemical  Ltd 

(iiiiMiiian  Smeltintf  ami  Retining  Co..  Ltd. 
■Standard  Smelting  and  Reflning  Co.,  Ltd. 
1)0111  iiiion  Refineries  Limited 


Total. 


»    c. 

48,980  93 

(i7.174  9}) 

9.577  (M) 

1.026  0.T 

214  92 

»    c. 

8,166  96 

27..V{9  01 

6,766  04 

681  84 

$    c. 

.i7,0<)7  89 

94.714  01 

16,343  65 

1,707  89 

214  92 

62  59   ! 

; 

({•>  .^q 

! 

126.987  08 

4.3.1.13  85 

170,140  95 
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l'reviou«  to  11)13  a  iarg..  amount  of  .ol.alt  on-  had  Iween  nliippd  to  the  Tnited 
States  to  Ik.  n-fined.  an  there  was  an  ini[x.rt  duty  of  'i5  cents  per  pound  on  refined 
cobalt  oxide.  Ifowever.  in  liM.J  the  .  i,,,r^'...  on  .ol.alt  products  entering  the  Unite,! 
States  wore  ciiaMged  and  at  present  are  as  follows: 


3'    " 


Product. 

Colialt  oxide 

Cohttlt     MU'IhI 

Coliull    urp 

CollHit    hIIiiV    otCI'l 


Ol.l    Tnriff 

-5    I'ciitx    |M  r    111. 

frve 

frei' 

0.:;  to  7  (.(.nfM  jicr  111.  Hccuril- 

iiiH    til    till-    viilue    iinil    2(1    jior 

ci'iil.   alidvf  40  icnts   p«T  lb. 


Niw   Tariff 

10   centH   ppr    Ih. 

free 

tree 

IS  per  cent.  b<I.   val. 


-V  s.vnop>is  follow,  of  til.,  inrthods  emplov,..!  in  Kurop..  for  tli..  production  of 
cobalt  oxid...  iind  of  the  numerous  processes  which  Imv  In.en  propose.!,  n.nnv  of 
which  have  iicmt  been  put  to  tiie  test  of  actual  j.ractice. 

HcrrenHchmldt  jnd  Constable  Procesiieii' 

These  i.ro..e>ses  were  us,.!  .hieflv  .m  th.'  or.',  fr.im  X.-w  Taledonia  an.l 
Australia. 

Proce.'^s  No.  1.— The  cobalt  ore  was  smelted  with  argentiferous  lead  or  copper 
M.iph.d..s  in  a  blast  furnace,  the  pro.lu.ts  being  a  matte  .-..ntaining  the  .•obalt.  nickel 
copper,  or  lea.l  a>  sulphbL-s.  an.l  u  -ili.-at..  slag  .•.-ntaining  the  inm  an.l  manganese 
The  matte  was  ground  and  heate.l  t..  ...nvert  the  sulphi.les  of  the  metal-  int., 
soluble  sulphates,  tlie  lead  sulphide,  h.iwevcr.  f.-rming  an  insoluble  sulphate  Th.' 
sulphate  '.olution  was  th.-n  treatc.l  b.v  one  ..f  the  f.ill.iwing  methods: 

(<i)  The  c.pper  in  the  s.,luti..n  wa>  [.re.ipitate.i  by  iron,  th.'  s.iluti.m  filter...: 
up..n  a  layer  of  \ew  Cal.Ml.mia  min..ral.  the  iron  in  solution  pre.-ipitatii..'.  an.l  ,; 
eorn.sponding  amount  of  ...bait.  ni.k..|.  an.l  manganese  diss.ilvin-.'.  Ma-n.-i,. 
(MgO)  was  a.l.le.1  next  t..  pre.ipitate  tli..  ni.kcl.  cobalt,  an.l  mangan.-e."  Tli. 
prcipitat..  was  tivatd  with  a  fn.sh  quantity  .,f  s.,luti..n  .-..ntaining  .-.ibalt.  ni.k.l 

"'"'  "'""-' -'■  ^"IH'"t''^.  I'.v  "liicb  trentm..nt  the  manganese  hvdn.xi.Ie  .|i,..,h,.,! 

Willi.,  a  .■..rresi..„i.inig  .p.antity  ..f  ,„balt  and  Mi.k..l  liy.lr...vi,|,...  ua>  pre.ipitat...|. 

(/.)  To  th..  sulphate  s..lution.  .al.ium  .•hl.iri.lc  wa-  ad.l..d  to  .ban.'.,  tli. 
^nljihat...  int..  .•hl..ri.l..>.  Tl„.  s.ih.ti...,  „a>  tilter,.,!  t..  n.m..v..  the  .-ahium  suh.liat. 
.•1.1.1   any   in«.lublc  matter,  an.l  then   fvat.,!   with   lini...  th..   in.n   an.l   part  of  tb. 

'".''''"^'':"'-  l'-il'it"t' ^  lm]n.xid..s.     Th..  la>t  .,f  the  .-..pp-.r  wa>  pre.-ipitat...l 

»ith  in..k..l  bv.lrat..  ..r  carl.onat...     The  H.luti..,,  was  tl...|,  tivat...!  with  .al.ium  .,• 
MMlium   .■arb.,i,afe    wlii.l,    pre.ipitatc.l    the   .■..bait,    iii.kel.    an.l    .opptT       Tb..    on 
.-.pitat..  ..I   niix...l  ,arb..nat..s  oi-  hy.lrat.'s  wa-  r...!i->.,lv..,|.  an.l  th..  M.lmi.m  tr.at.V 

t,.  r..ni..v,.  tl„.  .-opper  a.  ab,.ve.  >.i  that  ..nly t,  an.l  nickel  remaii„..|  i„  >.,|„ti.„ 

I'ron.ss  .\o.  -^.-Th,.  .ire  wa,  tr..at...l  with  l.y<lnMlil..ri.-  a.id.  an.l  th..  >.,luti.., 
of  .lib-r,.!.-.  wa<  ,v,lu,e.l  by  (ilt,.ring  .,n  M-rap  in.n.  The  M.luti..,.  .,f  fern,,, 
cli!..ri,l..  „bfain..,|  wa-  used  t.,  atta.k  fn-.l,  quantities  „r  N.  „■  (•al...l.,nia  or..  Ti' 
a::d   ti'catm..nr  was  a|.|.li,.i|   .•Jii,.tly  t<.  the  ...bait  or..s   fn„ii   .Vu^tralia. 

'  Wagner's  JalirosLerieht,  V.il.  XXX,  1SS4;  iin    15"    ;;iiti-  V„l    yvvit    isvc ,--,-- 
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At  tlif  plant  of  tilt'  Maletra  Co.,  Rouen,  France,  the  pulverized  oro  trom  New 
Calt'ilonia  was  treated  with  a  ferrous  sulphate  solution  and  steam.  The  solution 
after  such  treatment  contained  the  sulphates  of  lolialt,  niekel,  and  manganese,  th* 
iron  forniinj;  a  imsic  sulphate  precipitate.  The  iron  precipitate,  silica,  and  alumina 
were  removed  hv  filterinj?  and  washed  in  a  filter  press.  To  the  sulphate  solution 
sodium  sulpliiile  was  added,  which  precipitated  the  sulphides  of  colmit  and  nickel, 
as  well  as  a  small  quantitv  of  manganese. 

The  precipitale  was  filtered  in  a  filter  press,  and.  after  washin);,  was  dijrested 
with  a  calculated  (puintitv  of  ferric  chloride,  which  dissolved  onl\  the  manganese 
sulphide.  A  lilack  precipitate  of  cobalt  and  nickel  sulphides  remained,  the  solu- 
tion c  tntaining  the  sul|duites  and  chlorides  of  riiaiiganese  and  iron.  The  sid|)lijde 
j)recipitiitc  wa.«  dried,  ground,  and  heated  to  form  sulphates.  The  mixture  of 
sulphate-  was  dissolved  in  water  and  treated  with  a  solution  of  calcium  chldridc, 
the  calcium  sulphate  fornieil  lieing  removed.  The  solution  was  divided  into  two 
parts.  .\  and  B.  To  the  first  i)ortion  of  solution  A  milk  of  lime  was  added  to 
prc(i|)itate  the  col>alt  and  nickel;  afterwards  the  precipitate  was  washed  in  a 
filler  |)rc«-  to  remove  any  excess  of  calcium  chloride.  Tlu-  washed  precipitate  was 
dii;v.ted  with  v*ater  and  oxidized  hy  chlorine  mixed  with  air.  .\  part  of  solution 
B  containing  cohalt  an  I  nickel  chlorides  was  added  to  the  hydroxides  obtained 
fniin  -oliition  .\.  and  the  mixture  agitated.  By  this  treatment  the  nickel  hydroxide 
was  reil'iced  Ity  the  col)alt  chloride  of  solution  B  and  dissolved,  a  corresjmnding 
qiiiiiitity  of  cobalt  precipitating,  according  to  the  following  reaction. 
( 'oJ) ,-)-  \  i,,(  >  ,-|--i(  •(,(  •|,=-iXi(  'l,+->(  'oJ ),. 

Another  method  of  treating  the  ores  from  N'ew  Caledonia  was  to  make  a  matte 
which  wa>  afterwanls  ground  anil  heated  to  form  sulphates.  The  sulphates  were 
di-solved.  and  the  iron  was  preci])itated  by  careful  additions  of  sodium  carbonate. 
The  cop|M'r  was  precipitated  l>y  hydrogen  sulphide,  and  after  Ixdling  olT  the  excess, 
tile  colialt  was  precipitated  by  sodium  hypochlorite.  Bl»aching  jiowdcr  cannot  be 
used  ciwing  to  the  sulphates  in  solution.  The  nickel  was  i)rc<-ipitatcd  from  the 
rcinaininu''  solution  by  sodium  carltorLate.  \\>i>  metallic  cop|>cr  was  precif)itated 
from  copper-colmlt-nickel-iron  solutions  by  the  addition  of  matte.  The  iron  was 
])r('iipitated  liy  adding  a  salt  of  nickel  or  cobalt. 

Borchers  and  Warlimont'  proposed  treating  minerals  containing  sulphiiles 
of  niikel.  cobalt,  copper,  and  iron  by  a  partial  roast  at  .")•>(("  C.  In  this  treatment 
the  <'obaIt  and  cop|)er  were  changed  almost  completely  to  sulphates,  the  nickel 
remained  i)artly  as  suiphido  anil  partly  as  oxide,  the  iron  as  oxide  ami  ferrous  and 
ferric  siil])hates.  The  furmice  product  was  treated  with  water  for  several  days. 
when  any  copper  sulphide  remaining  in  the  ore  reacted  with  the  ferric  sulphate, 
forming  co|)per  sulphate  and  ferrous  sidphate.  This  was  followed  by  a  treatment 
witli  a  slightly  acidulated  solution  wiiich  dissolved  the  sul])hates  of  colialt  and 
Copper  anil  at  the  same  time  a  small  cpuintity  of  nickel  and  a  little  iron  sulphate. 
Tile  residue  was  treated  to  riMover  the  nickel.  The  ci>p|>er  was  removed  from  the 
colialt  solution  liy  sirap  iron,  and  calcium  sulphide  was  added  to  precipitate  the 
nickel  and  cobalt  as  sulphides. 


'  Huy.    Piuat,    Couis    lie    Metsilluryii'    dcs    Metmix    ioilics    (|iii' 
Beraiiuer,  Kilitour.  Paris. 
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III 


■ri 


prmpilnir  tho  nickel      Wl.n.,  ..,l..l.  i  .       '°  """"""«  "''I"  »••  ••liW  lo 

m»t.e  .„  ™  M    „  f„ .  !;^°  "•  ""  '"•  "'"'  S  80  per  ™„t.     The  po.Here, 

wa.  3  feet  4  inchc.  at  1 1  Wl'  f        *  •"■"'•     ^'^^  '^'""'^^''^  ^^  ♦'"'  ^"■^«'^« 

were  2  7-5  in  h  ^'"^  *"•"■'•  ""'^  **  ^**«t  **  ^he  mouth.     The  tuyere. 

Th  e l?;"!^,;;::  ':;'*;^So "" V'?'"^  ''"""^  ^''"«'  ^«  ^-^  •-*'-  "^  -  - 

5  to  10  rTch  Z     Th  T     fr-  '  '°  '  ''""^^=''  '  ''  '-'  '™-t«"e.  and 

o  10  lu  ricn  slag.     The  capacity  of  the  furnace  was  7  fn  in  ♦/^„.    *  „ 

ot  the  furnace  was  about  11  tons  w-r        Imnri,      t    ii,      l  ^  <apaciiy 

ahnnt  9  <;  *„«      *  .  '^  ""^  •     ^'^  *^«  charge  of  roasted  sneiss 

26  n*>p  ppnt   «f  fi,         •  ,.     ,    ,  '•  '""^  consumption  be  ng  about 

V  wM      h'   '^  "        '"'  °'  "'''^'  '""^  '"'•'^^•^'  '^  ^*-"^  a^r-biast  was  turned  on 
■■}  which  the  iron  was  oxidized  first      The  iron  o^i^.  ^-t    i         ^  ,        ,, 
quartz.  <rla.«    and  so.l.      T.  ^  I  ^  '^'  '''^^''''  ''y  ««lJ't'on  of 

q     n     ,.a...  and  soda.     To  prevent  large  quantities  of  cobalt  being  slagged,  the 

'";:!;;;:!;::!:  ^--"--j  <^Metanur«v.  v„,.  „.  um,  p.  «oa 

'  Sctiiiahcl,  pp.  5(|o.  gnH. 
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iron  »«*  not  ((mipU'tHy  oxidizi'd,  H  to  !•»  [mt  tent,  rt'inninin;^  in  tUv  »i«i*«.  Tin- 
>|K'i!><  fornic'il  li>'  tlii!4  operation  *a%  <uiii-ii  diiultlv  roiicfntrutcd  •|M'i»  and  lon- 
taintd  N'i  and  Co  TiO  to  .'•'i.  Cii  1  to  'i.  Vv  m  to  la.  .\t  :tM  to  |o.  utid  S  1  to  '.' 
|H  r  (I'ni.  Tlu'  r\an  contaiiu'd  1  to  'i  jmt  icnt.  Ni  nnd  Co.  iind  wh*  n-t  luir^'td 
liitii  tlx'  lilH>t  fiirimcc  treating  tin-  ore. 

Tho  iii)fli->rnide  *|M'ins  wac  cni^lifd  in  ii  .t(ini|>-lmttfn.  und  tlu'n  roi|.t«d  for 
\i  to  11  lioiir*  in  wood-fired  ivvcrlHTiitorv  fiiriiHro  with  a  iii|nirity  of  nliout  <l(Mt 
Itotwid*  to  a  rliiirjfi'.  After  roastiiijr.  <>•'>  to  !Mi  |Miiind»  of  Miwdii-t  or  ciml  dn^t  was 
aildfd  which  roduoed  any  arxi-natpst  to  arwnit»'».  from  which  compound  the  lant  of 
the  ar«cnic  may  he  removeil.  The  n>H.*ted  product  was  treated  with  liiilphiiric  acid 
and  the  wdution  filtered.  Iron  and  copiM-r  were  precipitated  hy  additions  of  calcium 
carlKinat '  to  the  l)oilinj?  nolution.  after  which  cohalt  hydroxide  wa<  precipitated  hy 
calcium  !iypochU)rite.  and  nickel  l.y  milk  of  lime.  The  cohalt  and  nickel  oxidc-i 
were  dried,  washed,  ground,  and  sold  t>'  the  lolour  work*  in  Sa.xonv. 

.^t  Saint  Benoit.  near  Liejfe.'  sjH'iss  containinjr  i'>  jx-r  cent,  of  nickel  was 
treated  with  concentrateed  hydrochloric  acid  at  K(>"  ('.  Iron  was  precipitated  from 
the  solution  in  the  usual  way,  and  then  cop|M'r  hy  calcium  sulphide.  Next  cohalt 
was  precipitated  hy  chloriflc  of  lime,  and   lastly  nickel  hy  milk  of  lime. 

Dixon'  pnijMiM'd  smelting'  jrarneritc.  a  hydrated  nickel  majrnesiuin  siliiate 
of  N'ew  Caledonia,  with  the  addition  of  arsenical  nuitcrials.  to  torm  a  speiss.  This 
was  roasted,  and  treated  with  hydrochloric  acid.  Info  the  chloriih-  solution 
chlorine  was  passed  to  oxidize  the  iron,  which  was  afterwards  precipitated  l.y  the 
ran'ful  addition  of  nickel  hydroxide.  Colmlt  was  then  precipitated  as  hydroxide 
hy  pa-sinj.'  more  chlorine  thnaijfh  the  solution,  and  addinjr  more  nickel  hydroxide. 
The  solution  containing  the  nickel  chloride  was  evaporated.  The  salts  ohtained 
were  heated  in  a'  nacc  through  which  -team  or  hydroiren  was  passed,  producini? 
nickel  oxide  or  meullic  nickel  respectively.  .\  little  nickel  was  precipitated  with 
the  cohalt.  l>ut  this  was  removed  hy  leaching  with  dilute  hydrochloric  acid.  It  is 
also  stated  that  the  addition  of  manganese  dioxide  to  a  neutral  cohalt  and  nickel 
solution  completely  precipitated  the  iron,  hut  this  is  questionahle.  if  not  impos- 
sihle.  The  statement  is  also  made  that  anhydro\is  nickel  oxide  was  used  where 
hydroxide  is  mentioned  ahove  for  precipitating  iron  and  cohalt,  but  knowing  the 
soluhility  of  nickel  oxide,  the  writer  also  questions  such  a  statement. 

At  a  works  in  Birmingham.  Englatul.-^  spi-iss  was  roasted  and  dissolved  in 
hydrochloric  acid.  Iron  was  first  oxidized,  then  precipitated  as  arsenate  and 
hvdrate.  hy  neutralizing  the  hot  solution  with  calcium  carlwinate.  Copper  wa.s 
prefipitat"d  next  hy  sulphuretted  hydroj«.n.  then  the  cohalt  hy  calcium  hy[>ochlorite 
n.Ieaching  powder),  and  finally  the  nickd  hy  milk  of  lime.  In  precipitating  the 
'•ol.alt  a  small  amount  of  ((uicklinie  was  a.lded  to  neutralize  any  lihcratcd  acid. 

A  direct  treatment  of  nnroasted  matte  with  acid  was  formerly  in  use  at  the 
S(i,|,«.llo  Works  in  Piedmont.*  Nickel  matte,  containing  N'i  -^t.  Co  (5.  Cu  I'.', 
V<  23.  and  .S  ^r,  per  cent,  was  frcifcd  with  hydrochloric  acid  (3.1  ptr  cent.  TIC!) 
in  stoneware  vessels  surroun<Ied  l.y  wafer.     The  sulphuretted  hydrogen  formed  was 


'  .Schnalwl.  Vol.  II.  p.  .5S«5. 

■•-heniic.Ml  Xcws.  Vol.  X.X.WIII.  ISTSt.  pp.  26s.i'70. 

'  I'hillir.s    Klenii'.its  of  MetnlluiKy.  I.SiM.  (..  ■»!.>. 


'SrhnHl.  1,   Vol.   II.  p.  5«1. 
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mM  of  the  copitT  Hulph„l.j  of  the  tmtt.  ««d  an  appn-ciabl^  .,u«,„.tv  of  ..uk.l 

7'„:r ;"'"';  ^"';  ^'^  """«'^' """  ""•  •"-'  '""•"'"  *"•' -^ ''-  -'«- 

.  t  nm  V  or  or...  Tlu-  solution.  .xMitainn.^  .hloride*  of  i^,„.  „iek..I.  ,„„i  .„|«,l, 
WM  .llowed  to  «,.tth..  and  the.,  evaporat.-.l  to  drjne*.  in  «  ,^„.ir.,„  „..,  Xh.' 
r^yduo   „  nuxtur.  of  the  thn.  .hlor ,.  ....  I...«t...l  i„  ..  r..u.rlH.nitorl  furnace 

w,.-  ^..latlll/»..l  a.  .hloride  and  part  .liniiK.-.l  i„  f.-rrir  ..xidr 

-he  /..r..ace  pr-KJuct  was  agitated  with   water  ,.,  dn^olve  t   ,-  soluble  col«i, 
a. .  ...  c.  .hlonde.  a..y  und....on.poM.d  in,,.  ..hi..,,,,,   ,,....,.t  ,U...iuu,  at  the  -a.,..- 

■   ::":i:  ":"!".r:'"''"""' -'"'.'•'''-- -f "- -i i.r..'pi,ated wi,h 

•  of  chlorid' 


111. 


ai  nn„  .-arlmnate.     Col,..!,  wa.  |,r...i,,i,ated  ,    u  i.v  further  ad.liti..n 


'"1.    to  the  iron-free  :<ohitioi 


'■  "iicl  (it m'|\  nnk..|  wa,  pr.Ti|,itated  with  milk  of 


'''i 
reiiK, 


l»ri"  r 

1   a , 


.1: 


w  I  let 


'■■•■•  "f  eohalt  and  i,i.k..i  l.vdro.vi.l..,  «,.,,,  «,,shed  in  v i|..„  .a.k. 

'  ■    a  l>n.e  salts  until  no  .londine-.  wa-  vi-il.l..  ,„  ,1,,.  ««,,.,.  „„  ,i,„ 
• ""'  "'"'"'"•    '»''"'  "^'•'-  «^'r"  '-'iv.-.  a  llnal  wash  with  a,  nlula,..! 


It 


Other  l>ropoN«d  ProceN.Hc« 

Helt...r'  ..utiin...  a  pro.....s  (or  ,1...  treatn,..,,,  ,.r  ,„;..  from  C ,1,.  (Hn,,!,.  ,.. 

aio  .     Th.  ..on....„trate.   alter  anial^^amation.   i<    n,a-ted     (.,     with    ,.r    w.tho,r 

soda  and  the  arsHMe  removed  as  solnl.le  ars..nite  or  arsenate.  ,.r  (,-,   ..afd  w„|. 

;:  ";:^"'"'""  ' '"''I  <""^  »-•  to  rem the  last  traees  ,„■  a,-s..n,...     Kv      ,. 

h^t  method  ..(  treatment  tlu-  soluble  sniphat C  ..obalt  and  ni.kel  ar.  for.n..,!      In 

ca,e  of  treatment   (.,   or   ,/„.  (he   roasted   piodu..    i-  afterward,  .,...,.   ..itli-r 
ohlondmn,^  roa-t   with  salt,  or  heated   with   Imlr.H.hlor,-  aeid.  or  snl,,„„  „.  aei 
and  silt.     In  any  ....s...  after  dissolvin.r  the  s,.|ul,|,.  .,!(-  an,!  lilt.riM.   ,1,..  ..lutio 

pree.ptated  I,   Ho...  s  method   ,..an,ti,-  .,da  an,!  .nrrent   .,f  ..hlorn,..,  or  bv  hvp„- 

chl..n(,.  ,     ..ab.,nm  or  sodin.n.     Tl.  pre.pitat, f  ,ait  ,„av  al..  ,...  ..ompl,.  ...| 

I.     the  fo.w.n.  method.     If  the  .-.bait  and  n,,--.  1  an-  ,n  the   ,„nn  of  >ulp hate, 

eah-aim  ,.ldonde  .s  „.,,,..,.  ..n.-h  eonv...-  t „i,„a,..s  ,nto  -bio,  ,,1,..     Tin'   .du-' 

tion  IS  blt..r..d  and  then  ,livi,h.,I  into  tw,.  yarts.  A.  an,l  H.     The  .■ ,lt  and  ni,.kr.; 

u.  so  ut„.n   A  an.  ,.ompletely   pre..ipit„,..,I   bv  milk  of  Inne.   tiltere.l   ami   wa.-be,l. 

J'"'  f^'"'I"t'""  "    ;■ 'It  and  ni.-kel  bv.ln.vi.l,.-  ,.  „nv..,|  .vith  water  an,l  ovidix- = 

by  a  ,..,nvnt  of  .•   lorine  and  air.     When  ,b Intion   i.  ..turat,.,!   with  ..hlorin.^ 

a  part  of  ,olut,on  1    ,s  a.lde,!  an,!  tl„.  „„v,.,!  .olu„„n  boil.,].     The  ni.-kel  hv.lroxi,]. 

'^  ''"•'•"""'  '•>■  t' ''"'t  <f'l"fi<l'-  "f  >"l"ti...i  R  ami  ,li-solv..s.  =,  ,.„rr...|H.n.!i.:.,  o-,, 

oiLlr'""'    '"■•■■''""""-      '"    ""^    "•">■    '-'-lb    I"-   ••■'•alt    hvdri^i,!:'!- 


rtelii 

'II 
i« 


'Hi.jfzj.i    Til,.  RHti,mal  tin, I   iM.JiisfiiHl  TiviiH,i,.nt  ,.f  th,-  (',.mi.l,.\  (i,,.,  „f  .«il,  ...    f'^TT, 
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(/iis<!itifi"  -     'f   •oliitinii    It  iiri-  idlilr.l    null'    i!ir    |>ri'i  i|illitli    i-   |.nicthall\    |>ur" 

...i.lllt   !tVi|n>\iilr. 

Hf!t/rr    lll«<  ii|ltlitli'«    till'    I'l'llnttillir  rt.'c  truluic     )i|iiri'..   Ill   X'liiinili'   rnliiilt    I'riilll 

:;i   ,'  I.  Iiiit  r'li'  |ir"ii  --  i|ii>.  imt  (i|i|Hiir  to  Im'  |iriii-tii'iil)li'.     'I'll  tln'  rliloriili   -011111011 
-lit   I-  iiiMi'il   hikI   till'   »oliiliiin  fill  trol\Zf(|.   n^iii;.'   |iliiliniiiii   fltctriMlr-.      \u-ii'ii< 
'iloriiir  iiml  ><ii|iiiiii  hxilrut)'  iirc  I'uriiiril.  tlir  inii-lir  >iMla  |iri'<'i|iiiiitiiiv'  liir  inlialt, 
i!if  iiirkil  ri'nuiiiiiiit'  ii'  »oliiiioii. 

A  •oliitioii  I  "iitiiiinii;.'  >ul|ilialc-  ol'  rolmlt,  nirki'l.  hihI  a  '•mall  i|iiahlit\  of  iron 
iii.n  '!■  trcatfil  liy  tin'  followin;;  iiictlioil.  Tlir  iron  i«  |iri'ci|iitutt'i|  In  iiiiik  of  liiii< 
or  iiiiIm'I  livilnit)',  11  rorrt'>|i<iiiiliiii:  qnaiititv  of  linn  or  iiirkcl  |{<'i»^'  into  -ojntio!;. 
Soila  i*  uiliti'il  to  |iri'<  ijiitat)'  tlir  lolmit  ami  iiirki'l  wliiili  arc  >i'|iaratiM|  li\  aiMitioiH 
of  rlilori:;i'  to  n  iii'iitral  solution.  In  tin-  oxiilarioii  with  ciilorinf.  nickel  ili»-ol\iw, 
mill  at  ilic  •nine  tiiiiv  a  rorn'>|iomliii;;  (|iiaiititv  of  colialt  i>  |iri'ri|iitati'i|  .0  that  lh<. 
'rijriiial  lo-c  loloiir.  liiif  to  thr  rolmlt,  i  luiii^'f-  to  a  >rr»i'n.  'I'o  lio  iirfaiii  tliat  tht* 
'ilijilt  luilratf  |>n'cl|)itati'  iloo  no'  lontain  nnki'l.  it  \-  iicic-T-an  to  IniM'  a  liltli' 
Kalt  ill    ojtition. 

AliolliiT   )(!■  «•(•»»'    loii-i-ti'ii    ill    iiiixiii;:   roliiili-^il   ir  oi'i'   with   a    liail    fin   unr- 

I  liar;.'!' ami  'imlti'iL'.    Thf  h-ail  lolli.  ini  the  «il\cr.  ainl  ihc  rohali  ami  niikil  fornii'd 

II  »|H'i-s.  riic  .>.|M'i»<  was  roa'f'il  with  (arhon  to  rt'imnc  arM'nic  iho  lohalt  loni- 
hiiiinj:  with  -ilica.  lirh  wa-  adili'il  a-  silicate.  Tlii'  inlialt  >ilii  ati-  \\a«  trcati-il  with 
tivilroililoric  acifl.  in    I  thr  ii^  lalt  ami  iiirkfl  hvilroxiilc.  wi'ir  jii'c<i|iiiiitiMl  Kv   linn' 

Wilt 

It  ilocfi  not  ap(H'ar  to  tiic  .nithor  that  tlu'  iirorcsscs  lo  treat  (ohalt  ore*.  ii< 
diitliiiiil  on  tlie  followiii;;  jiav't-.  with  |ierliaj>»  a  few  ('Xie|ifi"ii-.  are  aiivthinv'  inoie 
than  lalioralory  e\j)eriiiients  or  iilea>.  As  nientioneil  in  th  introilmiion.  a  siini- 
tiiary  of  eiirli  i-  iriveii  inerelv  to  reroril  all  attempts  that  ■,in\>-  heeii  ]iro|io.eil  to 
treat  loh'ilt  ores. 

Readiiiair  propoMMl  inixiii;.'  th.-  ^rrouiiil  ore  with  soiliiiin  -ul|iliate  in  -iilphiirie 
atiil.  ill  t!i,.  proportions  of  ]i":  SI:  i;,"i.  Tin-  mixture  wa«  hated  to  a  red  luat, 
the  roiialt.  nil  Nil.  and  iiiaiin.iiiise  forniiiiir  >o|iiMe  sulphate-.  After  di-Mihiiicr 
the  -iil|'!iates,  the  -011111011  wa-  nei  i-.ilized  with  .aleiiiiii  larhoiiale  and  heated, 
the   ir.'h    preeipitatinjr.     The   siilplia!.     -e  iitioii  rohali.    niekel.    md    man;;.ii!esc 

Wii-  treated  witli  -odiiun  -iilphidi-  !■!  pri  ipila:  iily  i:ie  eohalt  and  nickel.  In 
another  oroces-  the  use  ol  ferric  ih'-t  de  wa-  -ii;rv:i -ted.  After  tnatinir  the  oro, 
the  iirodiict  ^^as  heated  to  render  th.  iron  in-  liihle.  The  ...halt  and  ni.kel  were 
di--ol\.il  from  tlie  roasted  mass. 

•  iauthier''  used  iron  :iyr  fs  .I  ^'vp'^iini  To  de.  ..inpo-e  lohalt  or.',  ohtaining 
siilpliates  of  roiialt  and  nickel 

Stahl*  proposed  roMstiri;:  'u  uiii.'r.il.  tli.n  iniviii^  ii  with  salt  and  -iilplii'  <•  of 
iron.  Tlie  fopper.  col-  '• .  aii.l  rk.l  were  chaii^'ed  to  soliilde  ehloridi-.  the  iron 
and   nianj'atiese   to   in--:;;  ■!■•   .■■■:!-■-       The    c';'--ide     -olntion     wa-     trcaicd     «;:h 


'  Onvritr.l,  In.liistrics  ilu  lir.n  '.  .In  Minmriius.'.  .jii  Nickel,  et  .hi  Cobalt,  p.  -■''».  I>..in 
ftnil  Siins.  Paris.  1010. 

-Oiivrar.l.  j..  L'lii! ;  J,,iii.  s  -.  (  n.  In.!..  V..1.  III.     -s4.  p.  .-,J4. 

'  Wayiier.  .Intii-e.sl.eriilit.  \  1.  ,\  ,\II.   '  ss(i.  p.  1,-7. 

Mieimaii   Hatetif.  X...  ."S.)  ".   !  ii.     \\;iyiiei.  ,Ti.-ir.'st.eri.-lit.   V(.I.   .\.\.\VII,   IslH.    p    :.'10, 

Oiivrai.1.  pp.  StLj-Sfifi.     Schnal         \  .  2.  p.  fiOn. 
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hvilrofien  sulpliidt'  to  prfii|)itiitc  tlic  n.ppi-r.  and  after  neutralization  with  soda. 
cobalt  and  nickel  were  )»reeipit.ited  iiy  sodium  sulphide  nlon^r  uith  any  iron,  man- 
jranese.  am!  copper.  The  mixed  sulphides  were  tri'ated  with  dilute  acid  to  dissoKc 
any  iron,  manganese,  or  copi)cr  sulphides.  The  eol.alt  and  nickel  sulidiides  w.r,. 
roasted  to  sulphates  and  separated  hy  one  of  the  previously  mentioned  methods. 

in    the   Xatusch   or  Schoneis    process'    the   roasted    mineral    was   heated    wiih 
ferric  chloride.     Tiie  chloriih'  solution  was  treated  with  cahium  sulphide,  whir 
proci|>itated  the  cohalt  and  nickel  and  a  small  ipnintity  of  man<;anest«  as  sulphidi.;. 
I'recourt  and  Falliet-  su<;j.'ested  nmstin-:  cohall  ore  with  iron  sul]ihide.  |-'eS., 
the  cohalt,  nickel,  and  manj.'ane<e  hein-r  changed  to  soluhle  sul])hatcs.  most  of  the 
iron   formin^r  oxide.     The   iron   was  i)recipitated  from  the  solution   with  caleiuiv 
carbonate  and   removed.     The  sulphates   of  cobalt,    nickel,   and   manganese   wer,' 
chanfjed  to  chlorides  by  the  a<ldition  of  calcium  chloride,  calcium  sulphate  iH'ina 
precipitated    and    removed.     Nickel    and    cobalt    were    prccipit^ited    with    calcium 
sulphide,  the  manganese  remaininj:  in  solution.     The  sulphides  of  nickel  and  cobal 
were  washed  with  dilute  sulphuric  acid  to  renu.ve  any  nnin<ranese  sulphide,  ami 
afterwards  lieated  to  form  sulphates.     To  the  filtered"  solution  <.f  the  sulphate?, 
hypochlorite  was  added.     .Vfter  making  the  solution  alkaline  it  was  made  faintlv 
acid,  the  cobalt  precipitating  as  sesquioxide,  the  nickel  renniining  in  scdution. 

DyckerhotT-'  jiroposed  decomposing  ore  containing  silver,  cobalt,  nickel,  and 
arsenic;  by  roasting  the  on'  with  salt,  clay,  and  pyrites,  by  which  treatment  the 
silver,  cobalt,  nickel,  and  arsenic  were  converted  to  chlorides.  The  insoluble  silver 
chloride  was  removed,  while  the  arsenic  chloride  was  volatilized  or  changed  to  the 
volatile  oxide.     The  cobalt  and  nickel  remained  as  soluble  chlorides. 

In  the  Warren  process.*  c„lmlt  or.'  was  treated  with  hydrochloric  acid  and 
copper  nitrate,  the  metals  passing  into  s(.lution.  Milk  of  lime  was  added,  whid' 
precipitated  the  iron  as  hydroxide  and  arsenate.  Lime  was  removed  by  the  additi.n' 
of  sulphuric  acid,  and  afterwards  the  colmlt  and  nickel  were  j.recipitatcd  as  cnr- 
bonates  by  soda.  The  solution  was  filtered,  diluted,  and  chlorine  gas  pas^,.! 
ihrough  until  the  solution  was  saturated,  after  which  it  was  boiled,  the  nick.! 
hydmxide  diss<dving  and  ••obalt  hydroxide  remaining.  The  solution  was  fdtercd 
and  the  nickel  precipitated  by  caustic  soda. 

(iautbii'r"  heated  groun.l  cobalt  ..re  with  hydrochloric  an.I  sulphuri.-  a.id- 
and  completed  the  i)rocess  by  the  usual  methods. 

Carnott"  heated  the  ore  to  render  anv  iron  insolnble.  and  then  trcatc.l  tlio 
product  with  lmlro.hl..rie  a.i.l  and  neutralize.l  the  s.dutic.n  with  calcium  carbonat.' 
to  precipitate  the  iron.  The  filtered  solution  was  treated  with  milk  of  lime,  whi.'h 
precipitated  first  the  cobalt,  then  the  nickel,  and  finally  the  manganese.  The  frac- 
tional pre.ipitation  of  the  cobalt,  nickel,  ami  manganese  was  not  satisfactorv. 


,9""", '■''•'1-. •;!'.'*•     ''*''''"•"■'■"•  J*<-'tf.  "  l.iitteimi.  Zcituiin.  IS'.tO,  p.  45.1.     Wa;:iu-r.  .lalir.., 
U-ru-ht,  \„].  .\XXVI.  issm,  p.  XW.    (•l,en.il<..r  Z.MtnnK.  V..1.  XIV.  IHIU).  p   770     ,147-, 

'Fmipl.  I'at.Mit  40;!,H:!n,  June  !i.  IJiOlt.    .I,,,,,.  .s,„..  riiciii.  In.l.,  Vol.  XXI.x'  I'HO    i.'  07 

Tint.'.!  Stat.s  Pitt.-til,  N.I.  1.()S,-,,ti7.^.  F.'i,.  :!.  l!il4. 

•Cliemioal  Xews,  Vol.  LVI.  1SS7.  p.   lft.^. 
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Clark'  treated  tlie  ;.'r(mii(l  iiiiiienil  with  a  lixiliny:  sitlutioii  ni  ferric  ilil.(ri<le. 
Tiie  solutlDii  was  eva|H»rateil  {,,  drvness  ami  the  re-idiie  ealeined  at  ■•'<»'  tn  :iT(i'  ('. 
Cobalt,  iiieki'i.  and  iimiijfaiiese  were  cliaiified  to  cidorides  iiy  the  deeomimsitioii  of 
the  ferrie  eldoride  whieli  formed  ferric  oxide.  Cohalt  and  nickel  sulphides  were 
separated  from  iMun;^anese  liy  |»reeipitation  with  calcium  sulphiile.  This  method 
was  tried  at  <ilas;;ow,  Seotlaiid. 

Dickson  and  Itatte-  dissolve.l  the  col)alt.  iii.kel.  and  maiij^anes.'  of  a  cohalt 
mineral  h.v  treatment  with  sMl|)huroiis  acid,  alone,  or  mixed  with  other  acids. 
The  iron  oxide  remained  insoluMe.  The  finely-fjround  colialt  mineral  was  mixeil 
with  water  at  ^ti)"  V.  in  vats  provided  with  stirring  arran<;ements.  and  the  sul- 
phurous acid  introduced.  The  mixture  was  transferred  to  a  secoml  vat.  wiiere  tiie 
iron  oxide  and  the  impurities  settled.  The  solution  was  fdtered  throujih  a  Led  of 
pulverized  mineral,  wliieli  retained  the  suspended  impurities  and  neutralized  the 
excess  acid,  while  the  last  traces  of  iron  were  precipitated.  From  this  solution 
the  cohah  and  nickel  were  precipitated  as  suljdiides  h_v  sodium  sulphide  and  after- 
ward.s  scparatwl. 

Colmltite  was  jin.und  and  carefully  roasted  with  ad.litions  of  small  quantities 
of  carhon.'  The  residue  was  treated  with  sulphuric  acid.  From  the  solution 
obtained  the  iron  was  precipitated  with  calcium  carbonate,  and  other  metals  with 
hydrojren  sulphi<le.  The  solution  was  fdtered  and  treated  to  recover  the  cobalt 
anil  nickel. 

Ikrth^   flives   some  ex|)erimental    results  obtai !    in    workinj;   on    a   method 

to  treat  a  roasted  speiss  containing  lead,  cobalt,  niekid.  iron,  and  maniranese. 
Decomposition  by  acid.s,  chlorine,  chloridizing  roasting,  and  by  sulphur  .lioxido 
was  tried. 

I'liillips"  outlines  a  process  for  smelt  in::  cobalt  silver  ores  using  surticient 
iron  matte  and  copper  residue  to  i.rm  a  spos.  an  argentif(>rous  copper  matte,  and 
a  slag.     The  operation  was  repeated  to  obtain  speiss  free  from  silver  and  copper. 

De  Hurlet"  proposed  extracting  cobalt  from  cobalt  an.l  ni.kel  silicate  minerals 
anil  slags  from  copper  smelting  by  treating  them  with  dilute  sul|)huric  acid,  and 
after  decomposition  the  mass  was  heated  to  1.")0''--joo°  C.  to  render  the  silica 
inxihible.  The  soluble  salts  were  dissolved  in  hot  water,  the  solution  tiitcred.  and 
calcium  carl>onat4-  added  to  precipitate  the  iron  and  the  greater  jmrt  of  the  copper. 
The  remaining  copper  was  removed  by  electndysis.  and  tlien  the  -oliition  was 
treated  with  ammonia  to  oiitain  cobalt  and  nickel  compounds.  Tlie  ammoniacal 
solution  was  electrolyzed.  using  carbon  or  lead  anodes  and  iioli^hed  nickel-plated 
iron  |)lates  as  cathodes.  The  surfaces  of  the  catboilcs  were  coated  with  paraflin 
to  prevent  the  metal  adhering.  The  metal  fell  to  the  bottom  of  the  tank  in 
thin  flakes. 
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Citd.'  iilttT  cxiifrinicntiii;:  with  utlur  iirocoscs,  |mtciitcil  tlic  toilowiii;;  trcii!- 
meiit  for  ores  from  Cobalt.  Cunada.  Tlie  raw  ore  was  troatcd  in  a  n-vi-rhpratorv 
furiiacr  with  copper  am]  fluxes.  Two  products  were  ohtaiiied.  viz..  an  alloy  con- 
taining.' the  <ropper  and  all  the  silver,  nickel,  colialt.  and  arsenic:  and  a  slajr.  Tho 
allov  was  cast  from  the  rurnnce  into  anode  moulds.  The  metals  were  recovered 
1)\-  electrolysis,  usinjr  an  electiolyte  of  copper  sulphate,  and  sheet  copper  cath(Kle<. 
The  copiH'r  was  deposited  ^m  the  cathodes  in  a  ])ure  form,  the  .-ilver  precipitatei! 
as  slime,  and  the  cobalt  and  nickel  remained  in  solution.  The  arsenic  was  found 
partly  in  s(dution  and  partly  as  slime. 

From  the  electrolyte  containing  copper.  c(/  .ilt.  nickel,  and  ar-enic,  copper 
was  precij)itated  in  the  cold  solution,  and  arsenic  later  in  the  hot  solution,  bv 
hydro;reji  sulphide.  The  cobalt  nickel  solution  was  treated  to  rwover  the  cobalt 
and  nickel  by  the  ordinary  processes. 

Andre-  attempted  to  recover  colMilt  and  nickel  from  a  cobalt-nickel  matte  a> 
an  anode  and  nsin;r  an  electrolyte  of  dilute  sulphuric  acid  or  ammoniacal  cobalt 
sulphate.  A  frame  containing.'  frranulated  metal  was  ])laced  between  the  anode  and 
cathode  and  on  this  copper  and  silver  were  precipitated. 

Vortmann'  proposed  a  jinx-ess  to  obtain  by  clectndysis  cobaitic  oxide  or 
hydrate  from  solutions  containinfr  cobalt  and  nickel.  This  process  was  based  on 
the  assumption  that,  if  a  current  is  pas.sed  throu<.di  solutions  of  coI)alt  and  nickel 
containinjr  no  alkaline  sulphates  or  other  neutral  salts  of  the  alkalies,  cobaltoiis 
and  nickeloiis  hydrates  or  basic  salts  of  both  form  at  the  cathode,  [f  the  current 
is  reversed  the  nickelous  hydrate  or  correspondinor  basic  salt  dissolves,  while 
cobaltons  hydrate  is  oxidized  to  cobaitic  hydrate.  On  chanjrinjr  the  current  to  its 
original  diri'ction  more  of  each  lower  hydrate  is  produced,  and  on  ajrain  reversin? 
the  current  the  nickel  is  diss(dved.  Tn  this  wny  all  the  cobalt  is  finallv  precipitated 
as  hydrate,  and  all  the  nickel  remains  in  solution.  If  there  is  a  small  (jnantitv  ot' 
a  chloride  present  in  the  licpiid  (e(|uivalent  to  1  jier  cent,  of  connnon  salt),  tlio 
cohaltous  hydrate  is  very  (piickly  oxidized  to  the  hifrher  compound  bv  the  small 
amount  of  chlorine  or  hy])ocldorons  acid  set  free.  In  this  case  the  constant  clian;:i' 
of  current  is  unnecessary. 

Tiie  separation  of  cobalt  is  assisted  by  pcntle  warmin?.  After  the  precipitation 
is  completed,  the  current  is  stopped  and  the  liquid  heated  to  r.0=  or  TO"  ('.  wherel-v 
any  small  (juantity  of  nickelic  hydrate  remaininj.'  in  the  loball  compound  is  di- 
solved.     The  nickel  scdution  wiien  filtered  doe-;  not  contain  any  cobalt. 

(Juiterman*  has  patented  a  process  to  extract  coball  oxide  bv  electrolvzinjr  a 
nickel  and  cobalt  solution  containintr  chloride-.  The  chlorine  liiicrated  at  the 
anode  reacts  with  the  electrolyte  to  form  hypochlorite,  the  hypochlorite  reactiiij; 
with  the  cobalt  in  s<duti()n  to  form  liydrated  oxide  of  coi)ait  and  sonic  free  hydro- 
chloric  or  sulphuric  acids.  To  jyrevent  the  electrolyte  lierominjr  too  acid,  in  whi(h 
case  the  cobalt  hydrate  would  redissolve.  Midium  carbonate  solution  i>  added. 


Tito,  Trans.  .\mer.  Klccrdclicniiciil  Soi-..  Vol.  17.  liUn, 
'OiivrHril.  p.  '2('>') 
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Tilt-  tinii  nf  Mil 


ami    Sclvc.   Altfiiii.   (ifniiiiiiv.   liav 


.'    sll.'ili 


stf<l 


II    imiciv 


lich  coMsi-fs   first   in   addiii;.'  curtain  or-jaiiir  salts  to   iicutral  (ir   slijrlith    acid 
.iiiutidiis  ciiiitaiiiinjr  iiickt'l,  cdlmlt.  iron  and  zinc,  such  as  will  pivvont  tlic  jirccipi- 

Sucli  an-  acetic   acid,  citric  acid,   jrlvcorinc, 


tatiDii  o 


f  tiicir  oxides   bv  alkalic- 


and  dextrose.     The  solution  is  made  alkaline  i>v  -nda  or  itotash  Ivc.  and  >ulijected 
til  electrolysis  with  a  current  of  'iS  to  !t.:i  amperes  per  s<puire  foot.     I 
and  zinc  are  deposited  on  the  cathode,  while  nickel  either  remains  cnt 


ron.  coiia 


irelv   in 


the 


liijuiil  or  precipitates  partly  as  hydrate,  according:  to  the  alkalinity  of  the  solution. 
The  precipitation  of  the  hydrate  occurs  if  the  current  is  continued  for  a  hue  time. 


To  the  nickel  solution   free  from  other  uietals.  a 


mnioniiim  carlionate  is  ail 


to 


form 


(■ari)onate  id"  all   the  free  alki 


III. 


ifter  which   it 


ectr 


itlVZCll. 


Nickel    is 


formed  as  a  hri;;ht  dei>osit  on  the  cathode, 


oppet- 


■It. 


ore   to   ohtain   a    matti 


which   was   irroiin 


ami    roasicil    to 


form  oxide-  of  co|i|ier.  nickel,  and  cohalt.     The  oxides  were  reduced  to  tlic  metallic 


state,  tlwn  treated  with  a  solution  of  a 


•u]>ric  salt.     'I'he  copper  was  precipitatci 
I  i>  i.'ivcn  of  til! 


afterwards  hy  nu'tallie  cohalt  and  nickel.  No  further  explanatioi 
process.  In  another  |)r()cess  the  same  author  roasted  matte  to  f 
chlorides  hy  the  addition  of  >alt.     CopjM'r  was  n'moved  as  ahovt. 


irm  sulphate-  or 


To  treat  nickel    ores  or   |(roduei-   containing'  cohalt.   the   followiiiLr    method- 
ted.     The  complete  treatment   is  not  jriveii   in  all   cases  hut 


liave  also  heen   sujil'cs 


ly  those  parts  which  dilfer  from  other  processe 


l.auj:ier'  dissolved   the  ore    in   nitrii 


ricid.   and    evaporatei 


th 


ilutii 


tlie 


arsenic  U-in;;  precipitated  as  oxide  durin<r  the  cvajioration  or  later  l>v  hydrojreii 
sulphide.  The  solution  was  filtered,  ami  heated  till  the  excess  of  sul|)huretted  livdro- 
jrcii  was  expelled,  then  the  iron  was  oxidized.  Sodium  carhonate 
while  the  liquor  was  hot.  to  preiipitatc  the  nickel  and  cohalt  in  tl 


was  added  in  e\ce: 


le  form  of  cc'iMiii- 
len  waslieil  ami  di^'est.  d  with 


ate-,  and  the  iron  as  hydrate.  The  precipitate  was  tl 
an  exces-  (,f  oxalic  acid  solution,  the  -oluhle  ferric  oxalate  heinir  -eparatid  l>v 
filtration  from  the  oxalate-  of  nickel  and  cohalt  which  are  in-oluhle  even  in  cvcrs- 
of  oxalic  acid.  The  latter  salts  were  mixed  with  dilute  ammonia  in  a  dosed  \e--il. 
(Stroiueyer*  recommends  stron<,'  ammonia),  to  dissolve  the  oxalates.     The 


lillered 


solution.  I'fter  I'xposure  to  the  air   for 


-evcal    ilavs 


ih 


po-lt( 


•kel 


amnioirinii 


oxalati-   i.iid    man^ranese   oxalate,    while    the    pure   oxalate   of   cohalt    leiiiMincd    in 
solution.     The  oxalate  of  nickel   -e|iaratcil   a-  mIiom-  can   he  freed    from  the  small 


iintity  of  the  cnhalt  salt  which  precipitiites  with  it.  hy  rc-trealiiniil  witi 


1  aniMii'iiia. 


The  residue,  oh^iincd  hy  evaporatini:  the  amn 

yielded    scs(|uioxiilc    of    cohalt     when     iLMlilrcl 

i.^niiteil  out  of  contact  with  the  air. 

<iiiesne\  ille'  treated  cohalt   ore  with   nitric 


solllt 


on  of  tlic  c 


>halt 


oxalale, 


III    tile   air.   or   im 


d.   th 


talli 


lit 


when 


le   iron   ami   arsiiiic   In  inr 


removed  as   ferric  ais 


He    hv    tl 


addition   of  potassium   carhonate.     Tl 


wa-  precipiiatcd   as  oxalate   hy   jiotassium   acid   oxalate. 


•  Si'lllKilii'l.    p.    ".111. 

■Ouviioii,  p.  2(il.     .I.iui.  Sue.  Clii  in.  Iml.,  Vol.    .\11,   IS!i;i,  p.  L'74. 

Laiiyicr,  Animles  ile  Clicmie  et  ite  l'h.vsi<|iie.  I'luis,  Viil.    I.\,  Isls,  p.  (iits. 
'  Striinieycr,  Jour  pruct.  ("hiMiiie.  Viil.  h.WII,   lS.-)((.  p.  Is.").  ' 

(iiiesiii'ville,  (Jiiiellii  Kriuit.  Ilanilliiii'li  ilrr  aiiiiiKiOiisiheii  Clieniie,  Hainl  ."i.   I,  l!l(l'.»,  p, 
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I)«'  Witt'  tr«'at»'(l  tifK'itis  with  iiqiia  rcjria  ami  r»'in<>vetl  tlic  excess  acji!. 
Ammoniiim  ehloride  and  amiiKiiiia  were  th»ii  adileil.  followed  hy  addition?  of 
potassium  acid  oxalate.     Tlie  coluilt  was  recovered  as  oxalate. 

f/oujet'  ditiwdved  cobalt  ore  witli  liy<lrocliioric  aci<l,  and  to  the  solution  ■,\ 
ferric  salt  was  added,  followed  liv  additions  of  I)otas^.iunl  carhonate.  calcium  ciir- 
bonate.  or  (ahium  hydroxide.  The  iron  and  ars<'ni(  were  precipitated  as  an 
insoluhle  ferric  arsenate. 

Wiihler''  fused  cobalt  sjM-iss  with  potassium  carbonate  and  sulphur  in  llip 
ratio  1:  A:  .'i.  Most  of  the  metals  were  convertitl  int(»  simple  sulphides,  but  the 
arsenie  sulphide  formed  a  soluble  potassium  sul|)hoarseiiate.  The  temperature  hiid 
to  be  rcgulati'd  so  that  the  cobalt  sulphide  did  not  fuse,  since  it  would  eiiclosr 
portions  of  the  soluble  sul;>hoarsenate. 

Hermkstiidt*  fused  cobalt  >.'lanco  with  iKJta.ssiuni  nitrate,  and  the  arsenic  wa- 
removed  as  potassium  arsenate. 

Patera''  roasted  ore  with  additions  of  carbon,  then  fused  the  pnxluct  with 
calcium  nitrate,  soda,  and  [Kitassium  nitrate,  .\rsenic  wa,s  removed  as  soluble 
arsenates  of  calcium,  soda,  and  potassium.  Nickel  was  precipitated  from  the  solu- 
tion by  potassium  or  ammonium  bisulphate  as  a  difHcultly-soIuble  complex  salt 
containing  only  a  small  quantity  of  the  cobalt  comjwund. 

Liebijf"  roasted  tiie  ore.  then  niixe<]  it  with  ferrous  sulphate  and  potassium 
bisulph,"!'.  and  fused  the  mixture.  The  arsenic  was  removed  as  insoluble  ferric 
arsenate.  Ferrous  sulfihate  was  added  before  fusion  to  iirevent  the  formati()U  of 
cobalt  arseinite.  Durin;;  the  final  stajres  of  the  fusion,  the  nickel  sulphate  was 
decomposed,  forminjr  oxide  which  did  not  dissolve  with  the  cobalt.  Cobalt  car- 
bonate was  afterwards  precipitated  by  the  addition  of  jiotassium  carbonate. 

Barton  and  McOhie"  sufr-rested  fnsin>r  arsenical  minerals  with  sutticiciit 
sodium  carbonate  to  combine  with  the  arsenic  to  form  soluble  sodium  arsenate. 

McKenna"  fused  cobalt  and  nickel  speiss  with  boric  acid  about  c<|ual  in  weiu'lit 
to  the  cobalt  in  the  si)eiss.  The  heavier  speiss  separates  from  the  li^rhter  col)ait 
borate  sla<j. 

To  separate  cobalt  from  nickel,  iron  and  manfranese,  the  followinfr  proces>(•^ 
have  been  sufr^rested  : 

Sack."  by  the  addition  of  lead  peroxide  to  a  s(dution  of  cobalt.  manfrancM'. 
aluminum,  and  iron  salts,  precipitated  hydrates  of  man<;anese  and  aluminum.  ba>io 
ferric-sulphate  and  lead  sulphate,  practically  all  the  cobalt  remaining  in  s(dutioM. 
Any  copper  was  first  removed,  and  then  the  solution  was  mixed  with  a  calculatxl 
amount  of  peroxide  of  lead.     In  case  iron  was  present  in  larjre  quantities,  it  wa.- 


Mour.  prakt.  Clicmie,  Leipzig,  Vol.  71.  J857,  p.  2;W. 

"Loiijet,  Monit.  In.iust.,  lK4!t.  j..  i:i(l!l.     .Tour.  Soc.  Cliom.  InJ.,  Vol.  ],  1882.  pp. 

'Wohler,  Annalon  der  Phvsik  ami  riiptnip.  Vol.  VI.  1826,  p.  227. 

*  Hcrmkstadt,  Jour,  fiir  riiemie  uiid  Phvsik.  Vol.  -X.XXI,  1821,  p.  105. 
'Patera.  Jour,  prakt.  Chemie,  Vol.  XVlil,  IS.iO,  p.  164. 

•Liebig.  Ar.nalen  der  Phvsik  iiiul  rimmip,  Vol.  XVIII,  1S.30,  p.  164. 
'  French  Patent,  No.  .■?87,766,  Jan.  28th,  190S. 
•United  States  Patent  No.  1,166,067,  Dec.  28th,  1915. 

•  Sack,  German  Patent  No.  72,579,  1892. 
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InTcipitatcd  iil'ti'i-  tlii'  cupitiT  witli  an  alkaline  or  alkalinf-i-arth  carlionatc  If  a 
liir;.'*'  ainoiiiit.  I'f  nian^rancM'  was  |)rt's<'nt.  it  wa.»  ri'inovud  by  fractional  [irccipitation 
with  11  sdhililf  .likaiini'  or  alkaliiu'-cartii  sulphido. 

Iron  wa"  |irt'('i|iitatc(l  from  a  culialt  nickel  sohitiun  l),v  additions  of  cobalt 
liydrate.' 

To  .1  solution  containin;;  cobalt,  nickel  and  iron,  soda  was  added  wliich  pre- 
ripiTMted  the  iron,  then  aniinuniuni  eldoride  was  added  followed  by  {Kitassium 
hydrate,  and  tile  mixture  iieated.  Nickel  liydroxide  was  precipitated,  the  prscipita- 
tiiiM  of  cobalt  liydroxide  In-inj;  proportional  to  tbe  decomposition  of  the  ammonium 
tiiloride." 

Solutions  containing  cobalt,  nickel,  iron  and  nianj;anese  were  treateil  with 
sodium  acetate  and  Iieated,  the  iron  being  precipitated.  I'obalt  wi  ^  precipitated 
Iroiii  tbe  neutral  solution  by  hydrog-n  suljihide,  the  manganese  acetate  not  being 
dec  oMi|>osed.  Be'ore  the  treatment  with  sodium  acetate,  the  copper  and  arsenic  were 
reniovwl  with  hyilrogeii  sulphide  in  an  acid  s<dution.  Precipitation  of  the  cobalt 
may  also  Ije  made  by  the  addition  of  potassium  or  barium  sul|»liide.  The  sulphide 
precipitate  was  washed  with  cold  dilute  hydrochloric  aeid,  which  removed  the 
sulphides  of  manganese,  zinc,  and  iron,  the  colwlt  sulphide  remaining  undissolved.' 

.\  ii"utral  solution  of  cobalt  and  nickel  is  mixed  with  potassium  nitrite, 
potassium  cobalt  nitrite  being  formed.  The  presence  of  lime  interferes  with  this 
separation,  as  a  potassium  lime  nickel  nitrite  is  precipitated  at  the  same  time.* 

Barton  and  lIcGhie"'  separate  cobalt  and  nickel  from  chloride  solutions  by 
sulijecting  the  slightly  acidified  sidution   to  fractional   crystallization. 

Miscellaneous  Processes  Summarized 

Ilybinette"  outlines  a  process  of  separating  eoitper  from  cobalt  and  nickel. 
The  ore  is  roasted  and  the  product  separated  by  magnetic  concentration.  The 
magnetic  concentrate,  containing  copper,  cobalt,  and  nickel,  is  smelted  to  form 
a  matte,  which  is  roasted  and  leaclied  with  dilute  sulphuric  acid.  A  solution  eon- 
taiiiiiig  principally  <-o])per.  and  only  small  amounts  of  iron  and  cobalt,  is  oi)taincd. 

It  has  been  proposed'  to  produce  from  sul|(liide  ores  a  matte  free  from  iron, 
-nd  containing  only  sulphur,  nickel,  and  cobalt.  This  matte  was  fuse<l  under  a 
blast  on  a  bed  of  quartz  and  sodium  silicate  in  order  to  produce  a  silicate  of  cobalt. 
The  latter  compound  was  fused  with  soda  and  nitre  to  lilicrii'  tiie  cobalt  oxide. 
The  method,  however,  doe.s  not  appear  to  have  come  into  use. 

Kicher'  gives  an  interesting  account  of  an  old  method  to  ^  jparate  col)alt  from 
nickel  by  crystallization  from  a  solution  containing  a  large  quantity  of  ammonium 
sulphate.  Mention  is  also  made  of  tbe  |)ossibility  of  removing  cojiper  from  cobalt 
oxide  bv  heating  with  ammonium  chloride. 


■Loujot,  Menit.  Indust..  1S4!>,  p.  l.Wl. 

-Phillips  Wittstein,  Rpportorium  fiir  die  Pharinacio,  Vol.  ,'37,  p.  22fi. 

'  Wapkonbroder,  Gmelin  Kraut.  HancHiuch   dor  anortanisclicn  rhoniio.  Band  V.  I,  1909, 

II.  T.i.'i. 

*Stroineyer,  Jour,  prakt.  Chemie.  Vol.  LXVII,  185(5.  p.  185. 

■Oerman  Patent  222.2.'?1.  1905.     Metallurcip.  Vol.  VII.  1910,  pp.  667-674. 

•United  States  Patent.  No.  1,098,443,  June  2nd,  1914. 

'Sohnabel.  Vol.  II,  p.  601. 

•Tilloch,  Phil.  Mag.,  Vol.  XIX,  1804,  pp.  51-54. 
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Hiii  liolz'  outlines  u  iiifthod  |>I(i|m>m'i1  t<>  |»r<'|mri'  colmlt  iiiuj  iiirkcl  oxiilc-  Kv 
tli—olvin;.'  tlu'  liydroxiilcs  in  ammonia  alter  precipitation. 

Ilaucr-  (IcsirilM-s  Patera's  application  of  analvtical  methods  tor  the  pm- 
duction  of  colialt  and  nickel  oxides.  In  the  process  the  iron  and  ar>enic  wc  r 
prcciiiitated  with  powdered  calcium  carlxmate.  the  colmlt  !i.v  calcium  lih'ach.  ami 
the  nickel  liy  milk  of  lime. 

Vivian'  was  <:rante<l  a  patent  covi-rin;:  a  proces,  lia>.  d  on  tlie  at!inii\ 
colialt  and  nickel  have  for  arsenic.  In  the  specifications  the  claim  i^  made  that  it 
is  possihie  to  separate  colialt  and  nickel  from  cojipcr  \>y  rejrulatinjr  the  amount  .>i 
arsenic,  and  hy  having;  som«'  sulphur  present  to  comliine  with  the  copper. 

Wri^'ht'  proposed  extractin;:  colialt  and  nickel  from  waste  solutions  fin:' 
copper  refining:.  Iiy  addinj;  milk  of  lime,  which,  precijiitatcd  the  metaU.  .Mtn 
d'ryinjr  t!ie  ]irecipitate  it  was  mixed  with  sand.  l."i  to  •>''•  per  cent,  of  residui'  fmin 
the  alkali  works,  l.'i  to  •i"  per  cent,  of  carUin.  and.  if  possihie.  with  product-  con- 
taininj:  arsenic.     The  etilialt  and  nickel  were  recovered  as  speiss. 

Careis''  proposed  the  folhiwin;;  method  to  extract  colialt  from  ore-.  Tiir  o'v 
was  first  diss(dved  in  hydrochloric  acid.  The  meiaU  in  dilution  were  iirecipitatrn 
with  soda,  and  the  precijiitate  dissolved  in  sulphuric  acid.  The  solution  wa- 
neutralized  with  hot  dilute  sulphuric  aciil.  wherehy  the  copper  and  other  metal-, 
esjiecially  iron,  were  precipitated,  the  colialt  and  nickel  renniiniii;.'  in  solution. 
The  solution  was  mixed  with  hot  ammonium  or  potassium  sulphide,  which  pre- 
cipitated the  nickel.  Metallic  zinc  was  added  to  precipitate  the  colialt  from  mi'- 
phate  solution. 

(irosse-Hohle"  patented  a  process  to  jirecipitate  colialt  ami  ni.kel  from  sul- 
phate and  chloride  solutions  liy  means  of  zinc. 

.\aron"  proposeil  preciiiitatin^'  colialt  and  nickel  from  solutions  as  metli\'- 
sulphoearhonates. 

Xeill'  dfS<Tilied  the  method  used  to  treat  the  Mins  la  Motte  ores. 

Tclatan"  pulilished  a  clear  description  of  the  iferreiischmidl  proci--  a-  ii-. 
at  the  ilaletra  works.  Kouen.  France. 

Herreiischmidt  and  Capelle'"  issued  a  report  for  the  French  (lovernmcnt  ..■: 
the  followin<r  jirocesses:  Carnot.  Readnnui.  Herrenschmiilt.  Clarke.  Dixon,  nvy 
Ratte. 

Kripp"  attemjitcd  to  recover  colialt  ami  nickel  from  copper  or  ^  (i.itainn;. 
silver.     The  silver  was  chan^'ed  to  chloride  and  removed,  after  which  operation  tb 


'Till...-h.  Phil.  Mat:..  Vol.  XXIII.  ISO.-,.  ,,i,.  l!i:M!.i». 

M,.ur.  piakt.  Clu-nii.'.  Vol.  LXVII.  ISoO.  \<{'.  14-1'4. 

'Biitisli    Patent    Nc    i:!,»00.    Nov.    4.    IH.Tl  ;    IVrcy,    Mctallui] 
Zinc,  etc..  1H(51.  (ip.  ."iT.j-.-.'.H. 

•Hull    Hoc.  Clieni..  Vol.  V   (1st  series).  lSti(i.  47,j-4,ti. 

MIcrL'.  u.  luittenni.  ZeitunR,  Vol.  XL.  No.  2:!.  IHSl.  ,,,>.  21.-,-21<i. 

•German   Patent   No.    97,114,    1898.      Abst.   Fischer's   .Inhieslirricht 
pp.  Kill- 170. 

'  I'nitod  Htates  PHteiit,  No.  .■'.;i(l.4o4.  Nov.  17lli,  1^"».>. 

"Trans.  Amer.   Inst.  Min.   KiiR..  Vol.   XIII,  1SH4-18H.-,.  pp.  ti::4-h.,<.i 
Vol.  XXXIX.  1SS5,  pp.  108-109. 

T.enio  Civil,  Vol.  XVIII.  1891,  pp.  :!7.r:?74. 

'•Monitcur  Imlustriel.  Vol.  XV,  1888.  pp.  14.3.  13(i.  .iml  Wi. 

"  Wniiner's  .lahrPslM'richt,  Vol.  XIV.  18r.S.  pp.  111-112i 
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>uliiliiir  \vii>  |in'ii|)iliitc(l  witli  l)tiriuiii  cliloridc,  tlii'  iron  l)\  ciiliiiiiu  carlMmati'.  iiiul 
tlie  colmlt  !)>■  n  solution  of  <aliiuni  li_\ poi liloritc,  stopinn;:  tlic  pncipitation  at  a 
rcildish-colourcd  solution. 

lloppfni'r'  was  ;:i-anti'<l  a  patent  covcrin;;  tlu'  lollowin;;  pnicc-s  nl'  treating: 
(•(limit  o^(■^■.  A  lunttc  was  first  proilucwl.  which  was  nfti-rwards  ^rround  and  treated 
with  u  iu|)ric  chloridi-  solution.  Hv  this  trcatniunt  tin.'  sulphides  are  dissolved. 
I'iprniinjr  cuprous  chloride.     The  metals  were  removed  hy  electrolvsis. 


II 


anes-  pue  some 


results  obtained   from   the  aitiim  of  ammonia  on   colialt- 


nicki'l  arsenides.  Hvdroxides  of  cohalt  and  nickel  are  formed  whiili  dissolve  in 
excess  of  ammonia.  The  metals  may  he  olitained  hy  electrolysis  or  Ity  precii)itation. 
Jletals  Kxtraction  CoriHiration'  patented  a  process  for  the  e\lra(liiin  and 
recovery  of  cohalt  and  nickel  from  ores  and  oxidized  mattes.  Thi!  ore  or  roasted 
matte  was  treated  with  mafrnesium  chloride  solution  under  pressure.  The  cohalt 
dissolved  hefore  the  nickel. 


'ederson*  pive  tile  results  of  an    investi^'ation   of  tnatin;:  coiiall   am 


ikel 


ores.    The  article  deals  more  with  ordinary  chemical  reactions. 

Horchers'  ;.'ave  the  following:  descripiidii  of  a  iirocess  to  treat  ores  and 
-nicltcr  products  containing;  colmlt,  nickel,  and  silver.  The  ores  or  products  were 
first  treated  with  alkaline  hisulfihate  helow  rji»n=  V..  then  roasted  at  (iOO  to  TOO'. 
The  jiroduct  was  leached  to  remove  the  soluhle  sidphates.  Refractory  ores  were 
first  roasted  with  carhon. 


IV 


ernan 


1"  separated   cohalt 


From  nickel  hy  precipitating^  the  cohalt  hy  hy|Hi 
chlorite  that  had  heen  previously  neutralized  and  free(l  from  alkaline  carlionat( 
and  caustic  alkalies. 


Lan( 


•e'    p 


itented   a   iiroi 


to   separate   the 


hvd 


roxides  of   copiicr.   zinc,  cai 


niiimi.  silver,  nickel,  cohalt,  and  tun;,'>len.     The  ]irocess  was  hased  on    tract iona 
precipitation  hy  ammonia. 

.Tohnson''   descrihcd    a    i)rocess   for   the   treatment    of  copper   matte   containing; 


halt,  as  folh 


coiia 
sidnlmr 


^Fatte  containirij,'  coppei 


•nt.,    iron    1.   rnhalt    1.  and 


iO 


cent.,  was  crushed  to  SO-niesh  and  leached  with  hot  10  per  cent. 
liydnM-hloric  acid.  The  s(dution  contained  cohalt.  nickel,  and  iron.  The  cohalt 
niul  iron  were  removed  hy  treatment  with  chlorine  and  .sodium  carhonate  or  hy 
hypochlorites. 

Sihfeiher"  devised   the   following:   |n-ocess   for  the   separation   of  (nhalt.   nickel, 
and  iiiaiiiranese  from  crude  liipmrs.     The  iron  wa-  precipitate(l  first  hy  the  addition 
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of  calcium  carkioimtc.  tlivii  \hv  t<ip(HT  by  pa.ssinjr  in  liydropii  ■.iilpliidc.  aiiil  finalh 
the  cobalt  practically  free  trma  nickel  uiid  nlH^>;Hnc^c  n'a>  pnt  jpitiiti'il  with  calcium 
hypochlorite.  After  reniovinjr  the  col)alt  tiie  prc(i|>itHtiiin  wii'  tDntinncd  t"  jir>- 
cipitate  thi  nickel  and  nianffanese.  which  wh«  di>«olvcd  iind  re-|ire(ipitated. 

Foot*'  and  Smith'  (liscu^!*  the  di^M«iHtinii  |.ii..,iin..  <>r  icrtain  i.viili'.  ..f 
fopfier,  cobalt,  nickel,  and  antimony. 

L'hesneau-  prepared  a  nundn'r  of  the  liii'lur  >ulpliidi«  nf  mlialt  iiml  niik>! 
and  determined  their  solubility. 

Mourlot-'  conducted  a  few  expcrinunt-  to  determine  the  cll'nt  i>f  lii^rh  t>  iii- 
peratures  on  copper,  bisimuth.  silver,  tin.  nickel,  and  cobalt  sulphides.  He  found 
cobalt  sulphide  i*  obtained  by  heating  the  anhydrous  sulphate.  .\t  a  iiij.'h  tem- 
perature it  loses  all  the  sulphur,  the  metal  combining  with  any  carlMiu  present. 

Manhes*  claims  to  have  devised  an  improM'd  process  for  tin-  treatment  -'f 
arsenical  and  sidphide  ores  of  cobalt  and  nickel.  lie  fir^t  produced  a  spei-«  •■r 
matte  which  is  either  dissolved  in  hydrochloric  acid  or  by  electrolysis;  or  in  a 
second  dry  refining  process,  air  is  blown  through  the  nuitte  which  oxi<lizes  the  inn 
and  sulpl.'ur.  The  metallic  oxides  formed  by  roa.-ting  were  reilueed  to  metal  b_v 
carbon  and  lime,  and  the  metal  was  used  as  anodes  in  tiic  eieitrolytic  refininL'. 
In  a  later  patent"'  Manhes  suggests  adding  eoki'  in  a  conMrter  lor  lilowing  matt.. 
He  also  tried  to  prepare  metallic  cobalt  and  nickel  from  matte  iiy  adding  fluxtv  in 
remove  the  sulphur." 

liarnicr'  al^o  jTojioscd  blowing  matte  in  a  con\crter. 

Langguth*  describes  a  jinn-ess  used  to  >nielt  the  cobalt  and  niikel  ore>  ni 
Norway.  The  ores  were  smelted  in  a  blast  furnace  to  produce  a  matte  containing 
30  per  cent,  cobalt  and  nickel.  This  was  concentrated  in  a  converter  to  T5  ]>et 
cent.,  producing  a  slag  containing  1  to  2  per  cent,  cobalt  and  nickel.  The  blowins; 
(  ocration  required  20  to  2o  minutes.    Reference  is  also  made  to  Manhes'  work. 

Savelsburg"  described  a  process  of  blowing  nickel  and  cobalt  matte  in  a  con- 
verter. Ground  matte  was  blown  without  the  application  of  heat  to  oxidize  the 
iron  without  changing  the  suljdiur  content.  Tlie  j)roduct  was  in  a  sintered  con- 
diticai  satisfactory  for  melting. 

Savelsinug  and  I'apenburg'"  pattntcd  a  process  to  con>ert  oxide  ores,  e?].*- 
cially  those  of  cobalt  and  nickel,  into  suljihides.  Crushed  ore  was  mixed  with 
sulphides  and  carbon,  and  briquetted.    Thesi'  were  heated  in  a  kiln  furnace. 
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Btaquirtl'  applied  the  «  kotric  turrt'iit  to  remove  cobalt  from  solutiuu*.  The 
IclK'trolv^is  WHS  carried  on  iu  a  cobalt  chloride  solution  that  had  bMn  neutrahztd 
[with  ammonia  or  cauetie  potufli.  Cobalt  wa^  deposited  as  n  brilliant  coating.  <H  the 
(filorine  part  escaped  and  part  formed  acid.  The  presence  of  too  much  acid 
IgBve  a  dark  deposit. 

Cohen  and  Solomon-  wtii>  ^rrnnted  a  patent  for  the  electrolytic  separation 
lof  cobalt  from  nickel.  The  addition  of  strongly  oxidizing  agents,  especially  per- 
iMili'iiates,  eau»e  the  precipitation  of  the  cobalt  first. 

Le  Roy"  dei^cribed  an  ilectrolytic  method  to  extract  cobHlt  and  iiirkti. 

Arm>tron^'*  j-ateuted  a  proci?.s  for  the  treatment  of  complex  cobalt  ore-;  and 
(for  ntininp  cobalt  and  nickel  ar.-cnieal  and  silver-bearing  ores.  The  metals  were 
l-Dtained  a?  tlibrides,  from  which  the  cobalt  was  precipitated  electrolytically  a- 
|('Xidc. 

Biirlet'  atteniiited  to  .xtnut  iiil>alt.  nickel  or  copper  from  ores  or  products 
Uf  foll<iw«.  The  -'■ilicate  ore  or  slag  was  fused  to  remove  the  greater  part  of  the 
Icopper  a*  impnre  metal.  The  ^lajr  wa^  then  ground  and  treated  with  sulphuric 
lacid.  The  iron  and  part  of  the  Kipper  were  precipitated  with  calcium  carbonate. 
ITht  rfiiiainiiig  copfier.  cobalt,  iiml  nickel  were  removed  by  electrolysis. 

Wijrpin  and  Johnstone"  «u).'frf-ted  improvements  in  the  preparation  of  n.halt 
Lnd  nickel  oxides.  A  cobalt-nickel-copper  solution  was  electrolyzed.  using  a  copper 
rr  bras*  cathode  and  a  carbon  anode.  The  copper  was  deposited,  leaving  in  «olu- 
lioii  the  (((bait  and  nickel,  which  were  recovered  in  the  ordinary  way. 

Martin'  redmed  cobalt  and  niikcl  as  well  as  other  metals  in  the  ore^  by 
|jia?.-inf.'  liydrotarbons  over  the  ore  at  a  l>right  red  heat.  The  metals  were  after- 
|wards  recovered  as  an  alloy  by  melting. 

Mindeleff*  attempted  to  txtiact  roVialt  and  nickel  from  ores  by  reducing  the 
t (impounds  with  hydrocarbons,  and  removing  the  metals  obtained  with  a  magnet. 

Berndorfer  ManufacturinL'  Tonipany"  produced  malleable  and  ductile  nickel 
land  cobalt  by  mixing  the  powdered  nu  tal  with  potassium  permanganate,  maximum 
|4  per  c-ent..  and  melting  the  mixture. 

Selve  and  Lotter'"  olitained  nickel  and  cobalt  free  from  oxides  by  the  addition 
|f'f  1.5  per  cent,  mangane-e  dnring  ni('lting. 

Knipp"  fonnd  thnr  rcilialt  and  nickel  were  not  malleable  owing  to  the  presence 
t'f  cartidn.  but  that  the  defect  could  be  removed  by  adding  manganate  or  perman- 
Ipanate  of  potash. 
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\Viiikl*>r'  .otiiti'K  tliiit  ill  till'  |in-|mrAtioii  of  cDlHtlt  mul  nickel  iii»tin;kr>.  *  h^ 
t.(>iii|M>rHtun>  i*  iicci'MHtirv.  n-fraitorv  crmililc!*  tthuulil  U-  ii-<il,  cHrlMiii  iiiid  -ilin 
Khniihi  not  <-(inic  in  (■nntiict  witli  tlu>  molton  mctiil.  iinti  tliiit  tlw  nutal  imi'>t  !■ 
proti'iti-il   from  tlu-  atnio»*|>liirir  oxv>j«ii  durin^r  m^tin;:. 

Flcitninnn-  |iro|>oMMl  »  nx'tluHl  to  ninoM-  tlic  iirittliinx'  in  lolxilt  ami  iiiik' 
metal  l»v  :i(ltlin)r  nia)fn»'i*iuni  lieforc  |M>urinjr. 

Fink'  outline!,  a  |iriMe*s  for  the  treatment  of  ore»  from  ("liall.  Ciinii'ln.  'I'i 
ore  U  ttrouiul  to  IO-nier>h  ami  mixed  with  fluxes  to  reduce  the  metal"  and  mak< 
flap.  T!ic  eharffc  i*  heated  in  a  fnrinice  at  a  tem|M'ralure  ol  I. •.'(((»  to  l.."((tti  i 
under  reduced  |iri-*ure  for  sc\eral  liour-^.  The  arsenic  is  vohitili/cd  ami  condeii- 
ai*  nietallic  arsenic;  and  metallic  silver,  cohalt.  and  nickel  >|Mis-  and  ^In^'  arc  .1  • 
formed.     The  products  are  further  treated  hy  known  methods. 

1-evut.  ill  a  paiier  read  hel'ore  the  Kiendi  A«st«  iation  for  ihc  Aihaiiccmn 
of  Sciences.  Sept.  •,'!>.  l.s«7.  gave  the  resultn  of  an  investijiatioii  of  the  niiki 
cohalt,  and  ehnmiiuni  ore  deposits  of  New  Caledonia. 

Heard'  -iave  a  snmmarv  of  the  pos>iliilitic-  of  the  Nov  (iilcdoiiiii  i|i|Mi-it-. 


2.— The  Production  of  Smalt 

Smalt  is  a  potash  aluminum    cohalt    silicate.     It    i»    jircparcd    hv    meitii. 
tojrether  silica,  potassium  carhoiiate.  and   roasted  cohalt  ore.     It  was  used  e.xtn 
sively  a  iiuiiiImt  of  years  a;.'o  to  produce  hliie-coloufi'd  ^'la-s  nml  enamels.     Owin. 
to  the  ditliculty  in  ohta'iiin^   tiie  same  quality  of  colour  intciwity  with  diirertf 
cohalt   ores,  the  manufai-ture  01'  smalt    has    firadually    hecn    ahaiidoned.     CoImi 
oxides  of  uniform  conii'osition  can   he   readily   olitaiiied.   and   the>e   are   u>eil  i 
present  to  prepare  the  dilTcrcnt  colours. 

The  production  of  smalt  was  lormcrly  carried  on  chictly  in  .""iaxony.  and  it 
intcrcstinsr  to  note  that  the  Chiiiesc  have  also  prepared  smalt  I'or  a  numhcr  of  year- 

The  first  record  <d'  cohalt  heinjr  ii-cd  in  Kurope  to  colour  irla-s  dates  fr^i 
alMiut  l.">|ti.  It  is  stat<'il  a  Xurcmhcrj:  ^'lass-maker  was  the  first  to  liv  mdiii. 
cohalt  ore.  termed  "  Koiiold,"  with  ;:hiss,  and  he  ol)taiiicil.  nnuii  to  hi-  a-toiii-' 
nieiit.  a  heaiitiful  liiuc-coloiircd  product. 

.V  iirief  aicount  of  the  operation-  a-  conducted  in  Saxony  ami  China  i-  ^i^' 
in  the  followiiij,'  parajrraphs. 


1 } 

li; 


The  Method  Hmployed  In  Saxony  to  Prepare  Smalt 

The  mineral  was  crushed,  sortci!  and  washed.     Tliis  product,  called  *'  Schlii  li. 
was  roasted   in  a   rotary   fMrnace,  any  arsenic  cvolvcil  diirinj:  the  roastiiiir  h,:i; 
collected.     T^nriiij:  tlie  roast injr  the  cdhalt  was  (■on\crtcd   into  oxidi'.     The  lon-t' 
product  was   finely  ^'rouml   and   screened    tlirouj.'h   11   silk   sieve,  the   |MPwder   1"' 
known  as  "zatT«'r''  or  "/alller." 

'Cliem.  New.-.  Vol.  XXXV.  1S77.  |>.  HHi. 

^('licni.  Xe\v«.  Vdl.  XL.  1S7!'.  |>.  tit. 
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Til  |ir(|iiiri'  ^inalt   tin    roti-liil  i>r«'  wii>  iiiixnl   with  snud  iiinl   |Mitti«»iiiin  i^ir- 
I  l«iiiiitc  mill  imltt'il  ill  a  i  riuiliU'.     ('ru-ln'il  <|iiiirl/  wa»  iiwil  fur  niimI.     lU'forf  Mnji 

1  iii-liiil.  it  wt>*  lii'atiil  III  a  rill  lifiit  in  a  liiiir  kiln.  itu-'IiimI  in  -lanip-liattcrii-*.  wa-lifil 
ltd  nniii**'  iiiiv  li^'lit  iiii|>uritir«.  ilrictl,  ami  a^'iiin  imitfil   t"  mini--.     Tlir  rolialt. 

Ixiii"  mull'  rcaililv  ii\iili/iil  than  tlii'  niiki'l.  iMfi-il  ih'u  tin'  >la).',  tlu'  iiiikil,  ((iiii- 

I.  iiiiiV'  with  anv   arxrnir.   fiirmiii;.'  a   -in 

I  ru(  ililr. 
I  than  I'l 


chilli    >i'ti It'll    III   till'   iMittoin   III'    the 

.\iiv   iron   |irr-rnt   \va<  (i\iili/.i'tl   In   I'lTric  oNidr.  wliiili   i-   li'«,»   injnriiin< 

rri'iH  oxiili'.     Till'  -iici^!"  \\i\'  w  itlnliawii  i'iiIht  ihri(ii;.'li  an  i>|irniii;;   in   tln' 

The  iHinr  thi-  niHlfriaU 


iciitiiMi  III'  till'  ri'iK'ililc  or  carffiillv  rcinnMil  with  a  hnl 


iiii|>|iivi'il   in  the  f>ir|iaiatiiiii.  till'  niiiiv  liriiiililnl  the  iiniilnit.     Thr  liliir  ^'la--  or 
It  wan  |ioiirril  ill'"  wati'r.  ilrii'il.  ami   liiii'lv  ;:rouml.     Tin- 


la^'  (ontiiiniiij.'  th«'  folia 
Lioiiml  j.'Ih*''  or  !«nialt  wa-  misril  with  wali-r  ami  aliowi'd  to  -laml  for  Inilf  an  hour. 
lijiiriii;.'    whirli    tinif    tlu'    rnar-c    partirlr-.    known    a-    '"  Striiililan."    -I'ttlril.      Tin' 

iiiir.»r  )>arlirli's   wric  al'tvrwanl-   ri';.'ronml. 

'thi'  tnrliici  watir  from  thr  lir-.!   wa-liiii;;  wa«  di'iantiil   into  a   -rn. ml   limk   in 

vilicll  tilt'  |>iuini'nt   |iro|M'r.  termed  eolllenr.  M'tlled  to  tile  holtolll. 

.\ftr  tweiit\-foiir  hours  tiie  tiirliid   water  wa-  deianted   into  a  third  tank  in 
iliiili   it   K  niiiineil   until   it   wa-  clear,   when   the   lint'-t    and    |Hili-t   ;.'la-s    powihT, 

*  nest   washed   two  or 


■III 


ttlill: 


Ai-ehel.'"   -titled.      The    l>iL'inent.  and   also   the   aeseliel.    wi 
rif  times,  the  wash  waters  liein^i   filtered.     The  pi^'inents  in  liie  xaiioiis  -i 
|iaiiks   «iTi    ilrieil.    serei'iied.   and    )iaiked    into   harnls. 

.Viioit  threi'-jifths  of  the  ;.'lass  taken  from  the  pots  was  reeovered.  The  pre-- 
t  luc  of  oxiiii's  other  than  those  of  eolialt  ami  potash,  even  in  small  <|uantitii's.  exert- 
ii  markeil  iiifliieneo  on  the  eoloiir  of  the  smalt.     Harium  proihne-  an  imli,i.'o  tiii^re: 


tHiium.  ealeiiim.  and  iua;;nesium  proiluee  a  rei 


Idish  shade 


a  lilaikish  "reel 


•   olijci  titiimlile    in    the    hriv'hter-foloured    similts;     man;.'aiie-i'.    violei:    nickel. 
I't.  hut  less  intense:   copper,  /inc.  hisninth.  and  antimonv.  dull  shaile-. 
The   -malt    is   classilii'd    aceonliiiL'   to   it-   ile-rree  of   liiicness    into  cuai-e   hine 


(Strellhlan)    piyincnt.  ailtl   .Vesellel.  the   lii-t   -izc 


I  It'll 


I''   tlclloteil    ill    the    1  lailc   liv    11. 


th, 


•  !  tiv  ('.  ami  the  tini'st  hv  K 


lii'spectin;.'  the  intensitv  of  the  colonr.  cacii  r  irt  is  dist  in^ruisiied  as  line,  iniihile. 

iini  onliMarv  hv  the  letters    F.   M.  and   I).      In   the   lir-t   cla-s.  toloiir-  of   \arvini: 

It-rtes  of  intensity  are  denoted   liv  llie  letters.  F.   FF.    FFF.    FFFF,  cxpres-im: 

Itwtr-j'dld.   tiiree-fold.  and    four-fohl    re-petti\ely.     Itnaliti 


e-    ptuH't 


r    in    colialt    ti 


lan 


It'll'  OC  (|ii;ility  are  tli-tin^'uisheil  hy  tiie  ii-e  of  imiice-.  cj:..  (>('-'    (i.e..  containing 
iiiiir  tile  (t)iialt  in  the  OC  (juality). 

Smalts  wiiieh   eontain   more  colialt   than   lli"   F  ipiality   are  tli-tin;:uisliei1   hy 
■ItMildin^'  the  latter  V. 

More   intense   than   the   la-t.   FFh'F,   which    i-   termed   "  .\/iire."  ur   "  Kiiiji's 
It.'"  till  Hot  occur. 
Tile  folliiwini;  list'  jrivcs  the  dilTerelit  hramls  nf  -malt:  — 


. Oiilimirv  smalt. 


II      

K     .\es,hel.' 


R 


I*. 


hemiaii  smalt. 


CF    (iroiind  pi<.nnent. 

•  iiiiiiwiilil.  Raw  MateriHls  iif  the  Kiianiel    Iiidiislrv.  Iti14.  |i.   t+ti. 


12  Byr— M  ol  Min— 

(■•(■   Fine  [)ii{itK'iif. 

YQQ    Fill'-  B'llfiiii.ih  iHifiu.-ut. 

|,'£     FilKT  A'-'  ll'"  . 

MC     Av.'rago. 

yiQH   Av«Tiii:<!  Holi-'iiiiii!.. 

IIU    VviTiii.'''  A>'-i  li"l. 

QQ   Onliimry  [liu'iiK'nt. 

OCB    Ordinary  l».ili.'iiiii«i'   p.^m.:; 

OE     Onliiiury  A>'-«  li.'. 

Thp  different  colon r<  are  -ipoken  of  a-   a/ure  !.lu.'.   -ma't   l.hv 
Sixon  bill.',  onami'l  l)lu«<.  cobalt  blue,  etc. 

The  foilowiiic  are  analyce*  of  wime  vari''t:.'-  'if  *m:)lr : 
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Pcrcentaire  Compotltloii  o(  Some  Typical  Smalt* 

.N'orwenian  Kmaltj  (itriii;.!,  smtilt  Kr.-Mrli  Htnilt 

"»'"  Awfhel  '""  Blue          I.                       |_ 

Silic -o.8«  ««.2«  72.11  72.21  70.11  |  7:.     70     li".    'i:i    ' 

Col*U  oxide H.49  6.75!      l.«5  20.:.4  21.:,s  20     ^.l     :«»    :«•    ^' 

PoU»h 21.41  ltt.31         1*»        "•"'         '•2"  -       •'       •'       '     ' 

Alumina «.43  8.«4  20.04        0.22        0.11     

.,  i  11111 

.\rsenious  acid I 


I 


TluTc  is  also  a  French  method  of  smalt  preparation  whicli  .on-i-t-  m  meUii.. 
together  cobalt  oxide  with  quartz  and  potu-h.     In  thi*  way  a  tir-t-.  la-  pn^du.  ' 
do'ired  intensity  can  be  prepared,  althoiisrli  tlic  proco*?  i-  corn-pon.lui-lv  in- 
expensive. 

The  quartz  is  heated  to  redness  and  crouud  a-  in  ..'arli.T  nietli...!-.  "nlv  in-:.- 
of  cobalt  spei.ss  pure  cobalt  oxide  is  hero  employ..,!.  Tho  -malt  •^..  ..Utam.-i  i-  \  ■: 
pure,  and  more  durable  than  the  ordinary  product. 


The  Chinese  Method  of  ManufacturlnK  Smalt 

In  the  C'hincso  glaR-s  works  at  Canton,  the  socallcl  lam-...n!>hok.  *''••'.""'";/'■;; j'., 
<,la»  ••  is  employed  for  the  production  of  a  Kino  colour  in  elnss  an-l  porcelain.  It  appea.i 
f.  if  the  Chrneie  are  unaware  how  to  produce  colourless  glass.'  They  purchase  glass  trai 
meat,  from  Cop^  and  America,  which  they  classify  according  to  colour  and  quality,  an 
mX  them  in  poiro:  cm.  at  the  top.  One  or  two  nf  thc.c  pots  are  placed  m  n  rcctan.ua 
?u™ace  of  primit  ve  construction,  which  is  heated  with  anthracite,  for  which  purpose  tr  ,- 
i5™?o  "00  kg  of  anthracite  per  pot  are  required.  The  blowpipe  is  shor  and  w,de  wh. 
the  moulds  are  made  of  clay  and  dust.  It  is  astonishing  how  the  Chinese,  by  means  of  -^^ 
.man  apparatus  are  able  to  separate  the  cobalt  from  the  iron,  manganese  and  n.ekel.  .r. 
when  the  cobalt  content  in  the  ore  does  not  exceed  2  to  4  per  cent. 


••  Bowler.  Chemical  News,  Vol.  LVIII.  ISS?.  p.  100. 
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The  crii.lP  i-olialt  niiii«'r»l  in  llixt  mrftnllv   wRuhi'tl,  un<l  .•\ory  pi in  ,.riil.(i.>.|  will,  a 

bruili,  in  onliT  to  removp  llii«  uillMTiiiu  rlny  »hirh  runtkini  Iniii.  Tin-  oti-  it  in-xt  .liif'l  iinJ 
pulveri/«Ml,  thvu  nfUTwar.U  Bn.unil  in  •  linn.l  mill  with  w»»it.  Th.'  wliol.'  mulur.-  i*  tMn 
.•oavejiit  til  a  \ciiim>I,  in  wliirli  it  ■•  viu;iiriitiiil>  ulirrnl  fur  wvi-iiil  In.uri.,  atUn  wlii.li  it  I4 
allowml  to  iM't tin  over  liiulit.     On  tlif  foljipwinu  .Iny  tlir  wiili-r   i«  .l.'ni.iit.'.|.  takiilu  Willi   it   th'» 

upptT     lll»>T     of     111.'     IM-ttU-.l     INIWcl.'r.        Till-     Illll.T     .•otll.i»l»     of     III.-     li^lltlM      .■»rtll\      !.lll.i.llll|.V,, 

mM"  th.t  rcii.liml  mB»»  ii  tlio  oxi.("«  of  iioii.  niiiiiuunen.'.  niok.-l  mi'l  .oIimIv  Thi«  mii*«  ij 
r«inov«'il.  niixfil  with  a  rnnall  numii  ty  of  UirHX,  nn.l  |(l».'.'.l  in  on."  of  tli.-  at.ov.< m.-ntion.- 1 
poll  contttining  tlm  n\»»».  Tho  nu-lidiu  in  now  rarrii'il  out,  iin<l  i|iiriii«  tlif  Urst  rw.'lvf  lioiir* 
Ibe  fuw.1  iiiuM  afi|iiirf»  a  .lirty  ur.'oninhliln.'k  roloiit.  liy  il.'Kr.i-n  tlii»  ii.ix.Hl  coloor  <-hiiii4.'« 
t(»  a  hright  hlnlnh-violpt  niniiliir  to  i.mctliyM.  It  ii|.|M>iiri.  nn  if  tli.'  mm  nnl  nii'k.'l  rir.'  .om- 
pletciv  mliiceil.  for  aftiT  .Kl  to  4"  h..iiri.'  Ii.'iiliiitf  wnrnOy  any  of  th-  itoii  .n  nuiiiniiiH'*-! 
eoloiir  ran  1»>  i)ftci'ti><l  in  thr  mixtiiir. 

The  lowpit  portion  of  the  fiiiie.l  kImkii  in  the  pot  ig  reji'clml.  Thl»  part  prohably  .-OTf 
tain«  thP  impiirltici,  »ui  h  at  iron,  nirkel,  nian){an.'iM«.  etc 

For  fhi>  piirpoMi  of  porrclain  painting,  thi>  f'himiK!  frit  the  nami'  niin.'ral  with  f.'Mnpar, 
kaolin,  nn.l  much  liornx.  Thi»  frit  la  groun.J  to  flne  powth-r.  nn.l  'iiphiy.-l  for  paintin-  m 
the  liix'tiit.     The  Canton  pro.osa  i«  a«  follow! : 

The  manipulator  tuk.'i  tli.>  l.iiint  liinruit  anil  .-..vera  thii  with  «  ulu/ mMiitin;}  of  I... nix, 

feMspar,  an.l  day.  ul...l.,  whon  Hum.'i.'ntly  .Iry,  \\v  painti  upon,  an. I  in  on.-  .in^l-  oi«'rnt,  m 
burns  in  both  the  oiK.ni  i  and  colour.  ,,,..,,  i     i  -  ■ 

An  analyii*  of  the  mineral  in  giM-n  an  f.illowa:    Iron  oxi.U'  ■..>"•.  Muiu;iii.'«-  oxi  -  I 

N  .kel  oxide,  :!.5,  f.  'kiU  oxi.lo,  ."...>,  gangue  Jrt.tt  per  cent. 

Mil'  iiiii;'!!!'  ciui-  -ti'il  for  III.'  most   I'liil  "f  "ilim  iiii'l  aliiiiiiTiiiiiii  "ilii!.*''. 


Preparation  of  /Vietalllc  Cobalt 


N[.'t:ii|!.'    Kti.ilt  ina,\    ill 

followillL'      lll.•tll.>.i^.        Cll!l.;It 

hvdroxiiJo  or  (xalato. 

Rpiltictidii    ii'  ill.'  'Ai'ii'  III 
ptarcli.' 

Ro.  I  not  ion  oi'  til 


m'iI  lil,.  .  j      I  I'.llll     ill.'     OX|i 

.ixi.lv    i-   .ilitiiiiii'd     In 


.'   iir   ii\, il.it.' 
Iii'atiii;.'    |ii''i 


l.lt.it' 


.1  i-rtil'.iii  iriui'tk'  or  l>v  llu'  ii. 


i     ii!f 

.ii'lon  or 


\iili.-     .11-    .iMlllltc       ill     II     "tfiMlll 


l.f 


llVilI'iiJ 


rarit'ins.''  the  i    liii'lion  iM'injr  t.diiiili'ti'  iit  ortO  to  (ioo'  «'. 
Ro.luptiou  of  thi-  oxiiii'  liv  rarlioii  monoxiili'.' 
ReiUiition  of  tho  oxido  liy  ainnmiiinm  flilorid.'." 
Reduction  of  cobalt  chloride  in  a  lurront  of  hvdr.i.uvi' 
R.Hlnction  of  the  oxide  hv  nluminiuni.''     (JoLlschiir''; 
Prtvipitation  from  cobalt  ndntions  by  metallic  lii    '.i. 


■■.  ii.    •".    i.mr.   jirakt. 

'n   ;.    Im-tion  "if  the 

M"i-"iri    '■  .nip.  R.'n.l., 


'  H.'ithici.  .\iiiial.'»  .If  Chcniii'  .'t  l'liysi.|ii.'.  Xi'l.  'J."!.  H'.'t  [ 
Chom..  Vol.  Xrr.  l*<tU,  p.  LM:1.  Kalimi!",  I'r.'pnrntion  of  M.'t.ili. 
Oxiil.-:  Department  of  Mini's,  Cana.la,  Rulletin  X.i.  I25i>,  1S)1.'..  p 
Vol.  116,  1893,  pp.  :U9-351. 

'Muller  Annalen  der  Phvsik  uii.l  f'hemie,  Vol.  CXXXVI.  ISii'...  ;..  .Ji.  .\I..issan.  Annales 
do  Chcm.  et  Phvgique,  lS80,'Vol.  V,  sec.  21,  p.  !!•!>.  01a»»er,  Zeitschr  anorg.  Chem.,  Vol. 
XXXVI,  1903,  p.  19.     Kalmus,  Bulletin  239,  p.  11.  ,         ,       ,.     ^      .    „     . 

'Wolff,  Zcitschr.  anal.  Chem.,  Vol.  XVIII,  1ST9.  p.  3S.  Rerzelnis.  C.melin  Kraut.  Han.i- 
bucli  der  anorganischen  Chemie,  1909,  Band.  3,  1,  p.  194.    Brunner.  Idem    p.  194. 

'Martin,   German   Patent,    No.   1S303.   June    1st,    1S81.     Fischer"?   Jalir.'sl..Micht.    HSl, 

Vol.  2.'i.  p.  120.  ,    ,       .  ,         ,  • , 

'Mond  Hirt7.  and  Copaux.  Note  on  a  volatile  compound  of  cobalt  with  carbon  nionoxnie: 
Choni.  News.  Vol'.  XCVIII,  1908,  p.  1(33.  Mond  Nickel  Co..  Hirtz.  and  Copaux.  Bri'i'h 
Patent  Xo  13,207,  190S:  a  patent  covering  the  manufacture  of  cobalt  carbonyl  or  carbonvls 
hy  heating'  cobalt  'or  material  containing  cobalt  in  carbon  monoxide  or  gas  containing  the 
Ivt'-r.     Kalmns,  Bulletin  239,  p.  2.5.  ,,-,,■>>  i     . 

'Rose   (inu'lin  Kraut.   Ilan.lbuch  .Icr  auor^iinis.'li.-n  ('li.'iiii.'.  Baii.l   \.  1.  T.»09.  p.   1.'.. 

•P.'li-'ot.  Compt.  Ren.l.,  Vol.  XIX.  Is44,  p.  t".70.  Baumhauer.  Zeit^schr  ana..  (  I..^ni_, 
Vol.  X,  1871,  p.  217.  Schneider,  Annalen  dor  Phvsik  und  Chom..  \  .>l  CI.  18.,,.  p.  .87. 
Wajner.  ,Tahrcsl)ericht,  1857,  p.  226. 

'Kalmus,  Bulletin  239.  p.  32. 

'  Siemens.  Zeitschr.  anorg.  Chem.,  Vol.  XLI.  1904.  p.  249. 
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IHstilliition  of  coiiiilt  iiiiiiilpiins.' 

KltM-tnilvtic  iiu'tlidtls.- 

Fink'  |ir<>|i(is('s  tlic  I'ollowiii;;  trciitnu'iit  for  tlic  |ir<Mlui'tiiiii  <i|'  inciiillic  rulmlt. 
J'owdcn'd  sniiiltitc  i-;  nii.xccl  in  tin-  iiropiT  |ir()|Mirtion  with  imwdtTrd  linu'  uinl 
lalciuin  I'iirliidc  and  licntcd  in  a  vaniuni  I'nr  I  to  'i  liouis.  at  n  ti'ni|H'ratur<'  nf 
ITidO^  (!.  Tlic  reaction  <d'  lime  and  i-alciuii)  carliidi-  virlds  inctallic  calriiini.  wliicli 
in  turn  reacts  witii  tlic  cobalt  arsenide,  rorniin;;  calciiiin  arsenide  and  inetallii 
col  m  It. 

I'rt'cipitation  of  colialt  I'roni  solutions  Itv  zinc' 

Additional  Keferences 

(\i|piuix.   I'llli'  rciliiilt    toiil    Nii'kcl,   l*ri>|iio'iiticiii   lonl    I*ni|i('rtirs :    |{.\nr   m'in'iiili'  ilr  t'liirnn' 
|iiii<'  ct  ii|i|ilii|ii<''e.  .Iimlii'it,  l";irU,  llHMi,  |i.   \M.     ''iiiiip.  Ki'inl.,  Vul.  1  to.   ll'iC).  |i|i.  ti.")7i>.V.i. 

■Winkler,  The  Atimiic  Weiijlit  ot  Xickcl  unci  Colinlt:    Zcitsehr.  niiiny.  ('Iinnii',  Vul.  VIM. 
1H!I5,  p.  nil. 

Itiiniiltoii,  .Miiniiniiini  l*ri'ci|iilittiiin  nt  NipisMlii^  Mine,  CiiliiiU.  Caiiinlii:  Kn;;.  :iii<l  .Min. 
.lour..  Vol.  .\('V,  1!M:'..  pp.  !t.l.")it.;!l. 

Kirkpatric'k,  .Miiniiniiin'  I'lecipitittinn  at  Di'Inrn,  r'aiindii;  ¥.1)^.  aihl  Miii.  .loio..  \'<il.  I'.'i, 
lltl.!.  p.  1277. 

l.,«'.-<()n  ami  llelMie,  Kleetrolvtic  Heeoverv  of  Colmlt  an<l  Ziiie  from  the  Knill.M>  •<!'  (iii.]..! 
Kxtra.'tioii :  Clieiii.  .Xi'ntraets,  I'.M",  p.  .".OS."). 

,  ''W,  <'\aniiliiii;  a    Knrnai'C   I'loihii't    (a    masteil   colialt  nickel   spiis!*).     Kny.  aiil    .\lii. 
.lour.,  \o..  XCVlll.  l!»lt,  p.  147. 

Kelil.  .Milllin:  I'racllcc  In  Colialt:  Trans.  Can.  Mlii.  Inst..  Vol.  1  \.  I'.H  I,  ]<\>.  .'.mi:;. 

Dennv,  Desulphurl/ln);  Silver  Ores  at  Colialt:  Min.  S.I.  I'less.  Vol.  CVII.  l!'i:;. 
pp.  4S4»iK. 

Klelnsdiniiilt,    S'inini:irv    of    tlie    Trealnient    of   Coli:ilt    Ores:      Itery  a.    liiitteiirn.    '/.i-'iUtn-. 

Vol.  X.XVI,  is(i7,  pp.  4,">4(i.  .-.7.")!»,  i;:(i  i:!l,  it7  iii'.  If!:.'  itu. 

McCav,  Coiitrilnition  to  llie  Stinlv  of  Colialt,  Nickel,  anil  Iron  Sulpliiiles,  Kreilier-.  H!  pp. 
(pninplilet'l,    I.SS:!. 

Heport  anil  Appemllx  of  Koyal  Ontario  Nickel  Coniinissloii,  li'17. 

Development  of  the  MetallurKy  of  the  Ontario  Silver-Cobalt  Ores 

In  fcvicwiii;:  the  dcvclo|iinent  of  ilie  nictallnrjry  of  the  -ilver-iolialt  ore-  uf 
Ontario,  it  is  ncccssarv  to  make  three  divisions,  vi/..  the  |iioo||..,  in  ore-ilfi-siiiL' 
methods,  the  inlroduction  of  new  |irocessc<  in  the  extract  ion  of  ilie  silver,  and  tlic 
improvements  in  the  treatment  of  the  ores  for  the  eohall.  .\t  liie  same  time,  il 
.annol  i>e  too  stronirly  cinplia~izeil  that  co-operation  and  |inhliiitv  of  le-nli-  haM' 
contrihiitcil  no  small  jiart  to  the  success  achieved  in  the  treatment  of  tlie  Cohnlt 
ores. 

The  importance  of  the  Colialt  deposits  may  hcst  he  rcali/ed  from  the  fiijlowini; 
(iL'ures.  In  100:S  when  the  silver  deposits  of  Cohalt  were  di-co\crcd.  Canada  ]>n- 
diiccd  silver  valued  at  *  I  .*••!).<;  I"',  while  in  lOl.T  the  pfodiiction  wa-  valued  :f 
$1!).0(n.0'M.  During'  the  same  period  the  \aliic  of  the  aiinnal  )iroduetion  of  riili;ili 
rose  from  |)ractically  nothini:  to  $.Vmi.(M»o.  IJesides  the  valm  of  cohalt.  .ippieeiali!  ■ 
returns  are  realized   1  loni  the  iirseiiic  and  nickel. 

Previo'is  to  the  disiovcry  of  the  depo-its  at  Cohalt,  nio-t  of  the  world's  -iipp!> 
of  cohalt  ore  was  shipped  from  \iw  Caledonia  to  Europe  for  treatment.     In  fai '. 


'  M.iissan,  Conipt.  Reinl.,  Vol.  I..\.\.\lll,  1n7!I,  p.  IXd;  lliilleiin  Soc  Clieni..  IM.  II. 
Vol  \.\.\l,  1s7!>;  |i.  14!t:  .Xanalen  ile  Clieni.  et.  I'li.vsi.|ue.  Vol.  V,  IsMl.  p.  -J],  p.  I:".i. 
(iiierller.   .Metallonrapliie.   Vol.    I,    l!il-.',    p.   .")i:i. 

-■  Kalinus.  Kleclro  plalln;;  witli  Colialt,  lluUetin  No.  .'!;14,  nepartnieni  of  Mines.  Caiia.!;i. 
l!tl.-..      Henpa'rel,  Ciinip.  Iteml.,  Vol.  I.VIll,  IHCiL',  pp.  IS  iJO. 

'  rnlleil  States  rateiit.  No.   1.1  l!t,.".ss,  Mineral   Imlnstrv.  Vol.   Will.  1H14.  p.  .")ls. 

'Carels,   Mery  u.  luittenin.  Zi  ituiiy;.   Vol.   .\I,.   Nn.   '.'."..   ISHl.   pp.  :.'l."i,   L'tti. 
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tin 


til   I'.ii'S   Kiiri>|ic  |i 


iti.-allv  .i.;!!!.!!!.'!!  \\w  worldV  |H(Mlii(ti«iii.     In    llHtS  col.alt 


iroi 


luits  l"roiii  Canailiaii  and   American  sine 


I 

tlii>  lau-cd 

iiNJili'  i>  :> 


lti'r>  \vi'i-c  iilacc'il  (in  tlu:  niarkt-t.  and 


I  the  i»ii.v  (tf  iM.l.alt  ()\idc  to  lall  In-in  $-.'."Hi  t..  ^I.'i't  a  iM.nnd.     Ci.l.alt 
t  ])i-fs.iit  (r.»i:  »  x'llinj.'  for  ii«l.*>il  \H-r  jMrnnd. 


Till'  iimjin—  in  oit-  ilr 


ProKresN  In  Ore  DressInK 

■^^in''  ai  Cdlialt  lias  liccn  Imn 


iiiiit  alMdit  \i\  llif  diniinu- 


tiuii  in  til.'  ^'i-ad.'  <.l'  llii'  or.'  atnl  the  attempt  to  olitain  intrcascd  ivio\cii.'s. 
the  lii;.di-;rradi,'  ore  C.'."!'"*  oz.  or  more)  wa«  reai 


At  lir<t 


and  >lii|i|«'il  11'  '•••'■l'- 
tidii  nietliods  were  intr. 


lily  hand-|>i(ked  I'rom  the  low-<rrade 

In  order  to  keep  np  tlie  arMla  o\'  the  shi|>nients,  eoncentra- 

dnei'd    e.xtensivelv    during'    I'.MIT-IIUIS.     For    the    eoarser 


irii-hin 


L'  ii  i>  eiistoniarv  to  use  one  o 


til  appviiMniaii 


coMci 


1'  the  I'oilowin;.'  eoinhinations :    stami)s  crushing' 

ly  ■,'ll-mesli;  enishin;r  in  stamjis  to  ii.-.':)-ineh.  I'ollowed  liy  si/.inf;  and 

to  \va>ti'.  the  coarse  heinu'  re^'rouinl  in  pehhle 


ntratinfT.  the  line  tailinjr  ^'oin; 


nil 
rcirrindiiu 


\\-:  and  einshiiiir  in  rolls  or  in  hall  mills  to  ahi.ul  d.-i-Viiich.  .• ■.■nlraliii'.'.  and 

lin.'  in  pehhle  mills.      In  lit!  I  ahout  T5  per  cent,  of  the  ore  niilleil 


the  ti 


H!i-  crii 


-hed  hv  stamiis  to   1  I  to  ■^O-mesh. 


Cla-ificatioii    is  Used   eNteiisively   to   separate   the   sand    from   slime.      In   tin 
iiKTiitiatin''  mills   liindered-settlin;r   types   ..r   .hissiliers   are   employed,   while 


till'  ( 


vaiiidinj;  plants  the  Dorr  classifier  is  conimoi 


For  sand  concentration  th 


Willliv.  .Tames,  and    |)ei>ter  tallies  are  nu 


-tlv  used,  while  for  tivatinj;  slime  the 


.liiiiie-^  a!id   Deister  tahles  are  preferred,  althoujrh  canvas  tallies  were  employed  to 


«(ime  e\ 


tent.     T 
1\ 


le  Minii  lailinir  a\eraj:es  .> 


(iinice-    ol    siher    per 


to   I  ounces  and  the  slime  tailinir  ^  to  S 
Ion.  lint    it    is   not    possihle  to   recover  the  silver   Irom  these 


pmi 


lint-   hv   the   ordinary   jrravi 


tv   concent  ration   methods.     The   axerajrc   ratio  of 


iiiicnlratioii    in    tiie   Colialt    mills   is   'lO   to 


The  ieco\ery  of  llie  >ilver  I'lom  the  tailing'  dumps  and  |ow-j.'iade  ores  has  lieei. 
one  lit'  the  |irolileins  that  has  eonrronted  the  metallur:ri>ts  at  Coh-dt  for  -ome  time. 
At  pie-eiit  there  ale  ahoiit  •.'..")! t().<M to  ton-  of  tailin.ir.  averajrinv'    I   to  <i  ounces  of 


I'll  treat   the-e  accumulated    n-idiies  and     the    low-irradc    on 


llotil 


Itlrll 


-ecm    mo-t   Miilahle.      In   Ocli.hcr.    I'.M.'i.   the   (irsi   experimental    flolatio!' 
plant  wa-  erected  liy  the  HulTalo  Mines.  Ijinitcd.     Tlii>  plant  consi>ted  of  a  two- 

ejier   cell,   ami   a    one-half   size   (allow 


rtmeiit.   standard    len^'th    (allow    nni 


cleaner  ci 


II.      The  results  ohtained  hv  tl.itatiiili  were  so  elico 


ura'nny  that  a  tlotatioii 


plant  to  handle  (iOtt  tons  daily  was  eii'ctei 


I  and   put   into  operation   in  Septemher. 


i''e  Mini 


.  ipis^inu' 


lOH'i.     At  proeiit  the  r.ulTalo  Mine-.  McKinley-l»arra;.'h-Sav 

Mines.  Ciniajras  Mine:-.  Dominion  1,'ediiitioii  Co..  Northern  Customs  Coinvnliator-. 

1  Xaiioiial  Mine-  (Kin;;  Kdward)  employ  the  Callow  -y-tem  of  llotalioii. 


I.    prejii 


ire   the   tailinirs   and    low-irrade   ore 


fur    lliitation.    line    <'rindin;r    to 


100-111, .,|i    i-    iieccssarv. 


rdiMe   mill-  are  commonly   used    for  this  ]iiir|iose.     Tin 
■d  ,<in-ists  of  a  mixlllle  of  1."i  per  cent,  pine  oil.  7."i  per  cent,  coal  tar  creo-ote, 


■r  i\pcriinent-  iinve 


in   chai-coal    plaiil>    i-   wi 


and   111  )ier  cent,  coal  tar.      Fiirll 

fliilii    the   di-^tillat  ion    of   llJiid    wood 

Tile  results  ohtained  iiy  flotation   arc  almiit   a-   follnu 

iniiieiitiate   •.'.Ml   to    I.O'tll  <iz..   tailini:  i>.s    to    '-'."i   <•/.. 

|ii  r  ciiil. 

)'•    II.M.     (iii) 


-hiiwn  that   an   oil  nhtained 


II  suited   for  notation. 


feed   r>   to   10   iiz.   of  siher. 
aiiil   a    rciAerv  of  so  to  !»(i 
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The  rfeovery  oi  tlie  silver  irom  the  fintiitiou  coiiLcniratf  lm»  lifcii  acctunpauied 
witli  ditticulties.  and  at  present  most  of  tlie  concentrate  is  .-^hipped  to  tlie  smelters 
ill  the  L'liited  State?.  Under  present  conditions  the  freight  and  treatment  charges 
on  the  flotation  concentrate  amounts  to  about  20  per  cent,  oi  the  value  of  the 
pruduct.  The  flotation  concentrate  produced  at  tlie  HutTalo  Mines  was  treated  at 
Cobalt.  The  method  employed  is  to  give  the  eoncentrato  a  roast  with  salt,  a  leach 
witli  iiydroehloric  acid,  and  a  treatment  with  >alt  Mflution.  llie  silver  being  Anally 
recovered  l>y  precipitation  on  scrap  copj)er.  and  tlie  copper  by  passing  the  solution 
over  scrap  iron.  The  above  treatment  lias  been  discontinued  by  the  BiitTaJo  Mines 
company,  but  i>  still  beinir  jiractised  by  the  DiPiniiiion  Reduction  company. 


I'roKress  In  the  AtetallurKy  of  Silver 

I;;  tlie  early  i-peration  »»f  the  Cobalt  eam]i.  most  of  tlie  silver  was  recu\.rf(l 
by  smelting  method-,  the  ore  shipped  averaging  2,0(i0  ounces  or  more  }icr  ton. 
The  presence  of  huge  (piantities  of  arsenic  caused  trouble  in  the  smelting  and 
refining  pmcesses.  mid  it  wa-;  necessary  fur  the  snudters  ti>  levy  a  penalty  i.n 
excessi\e  <|uantities.  Tlievf  was  al>o  a  high  treatment  cliarge  lieca\ise  nf  the 
dilliculty  in  >nieliiiig  the  liigli-grailc  r-ilver  ores.  The  freiglit  rate  mi  the  liiuli- 
grade  oic  was  also  heavier. 

In  order  to  obtain  a  better  return  from  the  silver  contents  of  the  liigh-graile 
ore.  experiments  were  undertaken  tu  devise  a  process  for  treating  the  high-grade 
ores  at  C'oVmlt  and  obtaining  the  silver  as  bullion.  The  Nova  Scotia  mill,  now  ilif 
Domini(rn  ]>eductioii.  was  the  first  to  recover  Imllion  iiy  amalgamation  ami  cyanida- 
tioii.  Tliis  mill  treated  the  ruii-of-miiie  ore.  wliicli  included  the  high-grade,  and 
proflueed  bullion  and  a  residue  assaying  about  1.">0  ounces  of  silver  ]>er  ton.  The 
Xipis-ing  improved  on  the  process  by  .«ubstituting  a  tube  mill  for  the  aiiialgamatiiii; 
pan.  The  combination  yirocess  of  amalgamation  and  eyaiiiilation  i.  nsed  at  thno 
mills,  viz..  the  Xipis-ing  and  HufTalo  on  high-grade  ore  and  coii<ciitriili'-.  and  the 
Dominion  Reduction  on  concentrates  only.  The  jirocess  is  usually  carried  out  a- 
follows:  With  "J.-jOU  oz.  ore.  a  charge  would  be  C.-jOO  pounds  of  •:iO-mesli  ore.  S.ooO 
pounds  of  mercury.  :>.8(iO  pounds  of  5  jier  cent,  cyanide  solution,  and  fi  tons  nf 
pebbles,  .\fter  !•  to  10  hours"  treatment  the  jmlp  will  all  jiass  a  '20()-nie-h  soreti!. 
and  of«ntain  about  50  oz.  of  silver  per  ton.  It  is  given  a  fiirtli<'r  agitation  fur 
rifi  liour«  in  a  0.7.">  per  cent,  cyanide  solution  when  the  >ilver  is  redui-ed  to  :^o  ouiii  i-. 

The  treatment  of  low-grade  ores  at  I'olialt  has  for  a  iiuinlier  of  year- 
presented  a  difficult  but  interesting  problem.  It  is  po>-ilile  to  treat  the  low- 
grade  ores  by  concentration  methods,  by  a  combination  of  >  oiieeiitiatioii  aid 
cyaniding.  and  by  flotation.  It  appeared  a-  if  fiotation  in  combination  with 
concentration  or  eyanidation  was  the  most  suitable.  Init  recent  developnieir- 
tend  in  some  cases  to  favor  concetitration  and  cyanidatiuii.  \'eiy  little  lolialt  at  d 
nickel  are  recovered  in  the  flotation  concentrate. 

Amaliram.Tlinn  was  not  practicable  on  Iciw-L'rade  ore<.  -o  aiieiitinii  \\a-  uiriMd 
Tfi\vaid    iMiliiiiiitioii.      Afle,'   .\teii-i\r   1  \|ieniiieiii-    it    \\,i-    I'l'iiihl    iliat    ;;    ua- 
p(.--iiil(-    -n    treat    tile    ln\v-i.'rade    romii|i.\    op.-    ii\-    the    ..rdinarv    rvaiiide    iii'-i--. 
b<i  all-'      ']■:'■    -(■llHioi!-    ciiijeklv     iieraiie-     fon'.     tlur.liv     i!iiniiii-tiiiej     tl'.-     ,'i..i,!\.   ■  ,' 
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I  power;  l>csi(l('p.  the  cyanide  consumption  was  excessive.  To  overcome  these  diffi- 
culties a  process  known  as  the  "Wet  I>esulphurizing  Process"  was  devised  by  the 
Nipi^^ing  ^lininj:  Company. 

Briefly,  this  process  consists  in  giving  the  ground  ore  a  treatment  with  alivali 
antl  ahiniinium.  Tlie  preliminary  treatment  is  given  in  tube  mills,  and  the  final 
treatment  in  tanks.  In  the  preliminary  treatment  the  ore  is  ground  in  an  *>.25 
per  cent  caustic  soda  solution  with  an  addition  of  5  pounds  of  lime  per  ton 
ef  ore.    The  lime  is  added  to  ha>ten  settling.    In  the  process  the  refractory  minerals, 

j  especially  pyrargyritc  and  prou^tite.  are  decomposed,  the  -ulpliur.  arsenic,  and 
(iiitiniony  being  reduced  to  tlie  elemental  or  metallic  state.  Tiie  rcdmed  -ulphur, 
arsenic,  and  antimony  have  practically  no  action  on  cyanide.  Tin;  reactions 
;i:volved  may  be  expressed  as  follows : 

2Ai-r2  XanH^-iHj>=\a,.VLO,-GH. 
C.n-r-)  Ag,.S^CXa(»H=::J.\a,S+tin,0-f6Ag. 
•ni-i-Ag,,s"b.S,-rCXaOn=:^.\a,S+t)H,0+3Ag+Sb. 
ClI+Ag  A-S -f<iNaOn  =  :iXa,.S-ffilI,04-3Ag+As. 

With  tiiic  ci-iiu'iiiii:  and  ai'icr  tiiiUiiig  ilie  ore  by  tlii-  Wc;  il< -ulpiairizing 
{ir('iesi.  the  siher  may  Ik  rculily  rxiraded  in  48  hours  by  treatment  with  a  0.2o 
pfv  .(lit.  ivaiiidf  -o!>itioii.  By  ilic  il< -ulpliurizing  treatnuMit  a  ^-aving  of  i.ne  to 
v.ur  ounce«  of  «ilver  i-  o'htaiiicil  at  an  additional  cost  of  •"•!  cents  ])er  ion  ..f  (.re. 
•e,;  a  ".'O-ounce  t'ct-d  a  -avin:;-  •■'  f'.iir  ..iin.'es  means  an  increa-ed  extra. li.i:  of 
■.'0  pi  r  rent. 

The  pv.ci)iitation  of  t'lic  -il\.  r  fr..ni  ilic  cyatiide  solution-;  by  zinc  pre-cnted  a 
fiirtlicr  difliculty.  but  tlie  -ub-titution  of  ahiminiuin  dii-t  overcame  thi-.  The 
aiivaiitagci  of  the  altiminium  dii-t  in  |)i-ccipitation  may  lie  stated  as  folic. \v-;  a 
liiL'li-Liadc  ]irc.i]iitatc  i-  ..btaiiid.  there  i~  little  foulitig  of  the  cyanide  -(>lu- 
'ieiii.  and  durini:  tin-  iMcci)iitation  an  amount  of  cyanide  proportional  to  the 
mIvit  inecijiitatci]  i-  rcgiiuiaicd.  One  part  of  aluminium  dust  will  precijiitate 
about  TJirce  parts  ..f  -ilver.  Alimiininni  .lust  wa«  tised  until  KUt!.  but  <.wing 
•o  tile  ililViculty  of  obtainini:  it  and  al-o  to  the  increased  co>t.  other  pn  .ii.itants 
are  beiiiir  tried.  .\t  y>i'e«ent  nt  the  \ipi«sing  mill  sodium  >idphide  i-  n>(d  to 
pre.  ipitate  tile  -ilver.  and  ibe  -ulpbide  precipitate  is  desulphurized  by  treatment 
«:tb   .aii-ti.    «oda    aiiil    altiminium.   metallic   silver   being   )>rodii.eil. 

.\himiiiium  dii-t  precipitation  wa-  first  used  by  the  I>eloni  i^inehii.g  and 
T.'. 'jiiiig  ('ompaiiv.  tlieii  bv  th.-  O'Britn  mine,  and  later  by  tlie  \ifii--!i;L'  f.rul 
b fair,  and  otlier  mine-  at  Tobnlr. 


Projrress  in  the  >^etallurj;y  of  Cobalt  and  Nickel 

T'..  fir.'  ;lii  ili-.iiv.-ry  ..f  tb.'  lai;:.'  -ilver-. obalt-nickel  drpi.-it-  at  fobal-.  ve-y 
■  .  \\a-  'a1!o\mi  in  (''anada  of  tin'  )irop(.rtie»  aiul  metallurgy  of  the  metal  .'f.bii!r 
i]  it-  .  ompouiid-.  1  \.e]n  that  ci.balt  -ilb-ate  po>-es-ed  a  beautiful  cnlonr  and  wa= 
■.'   '11  the  .•eraiiii.'  indu-trie=.     Pi. bait  wa-  considered  one  of  the  rarei'  metals. 

Cobalt  orei  had  been  treated  in  Europe  for  centuries,  but  the  treatnienT  wa- 
'  .Ml.  ted   on   i\    -ninll    -.nb.    aod    the   ini-tbod=   were   what    niiL'bt    be   .-ailed    larg.- 


T' 


r.lant-   otiiratiiiL'   Hi    iMir. 


68 


Bureau  uf  Mines 


No.  4 
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llHi 


were  |ir<Mliiriii^  iilioiil  (iii.-liiilf  the  <|iiiiiii  IV  of  tdl.iiH  tliiit  i>  iiKw  licin^'  tiinin 
out  (iiinuiillv  Ipv  ilic  ilmi'  Caiiiiiliaii  sriirltrr-.    'I'lic  iihiIkhI  I'luincilv  (iii|il(ivi'<l  «^i 

tu  ili>-cilvi'  tl rc.  iimlli'  or  spcix   in   ciriiii'   liMliiiclildrii-  or  >iil|>hiiiir  luid.  iim 

nniiixr  the  inipiiiitics  by  elu'inical  iiifllnMis.  Tlie  in|i|iir  was  ul'i.ti  rciiic>\cil  i. 
li\<lrip;.'cn  >iil|ilii(l«'  pis.  and  after  climinjujii;;  anv  ;ras  in  -olntioii  l>v  Itoilin;.'.  lii. 
iron,  colialt.  and  nickel  were  preeipitaied.     'I'lie  lii^li  j-ri.-e  of  col.iilt  oxide  enaM.-, 

the   o|>erHlor>    to    work    i>n    a    -mall    seale.    even    lliont^ll     lile    ^'rade    of    the    ore    Mniii, 

not   avera.L'e   over   :!    per  cent,   eolmlt. 

.\fter  the  dixMiverv  of  the  eolialt  de|io-it-   in   Canada,   it  soon   heeann    evii 
that    tliiv    were   of   snllieient    extent    to   jiistifv    llie    attempt    to    i-tahlish    a    eo 

snieltin;:   indiisirv   in   i'nnatla.      It   was  >oon   > that    new    proees«e>   wonid    I 

to   he   devised,   in'    the   old    method^    improved.      The    eo>t    of  aeiils  and    elienncid-. 
tlie  operatinji'  dillienlties.   and    the   iii^rher   c,„t   of   laliour   made    the   old    proee-. - 
)irohiliiti\e  in  Canada,  and  at  the  same  time  it   was  not   pos-ihle  to  operate  tlh  n 
on  a  considerahle  scale.     The  lar^'r  proportion  of  eohalt  and  the  proenee  of  lar- 
<|iianlities  id'  arseni(    in   the  Canadian  ores.  aUo  made  it  nee.ssaiv   to  modifv  ili 
oli'er  jiroei'sses. 

Ill  tile  processes  in  usi^  in  Camilla  at  present,  the  piii;:ue  iiiineral>.  and  iiio«! 
of  the  ar>enir  iiiid  iron  are  remined  in  hhist  fiirnaees.  The  products  of  tlie  hla-f 
furnace  are:  melallic  silver,  an  ar^'iitiferoiK  -peiss  containiii<:  eohalt.  nickel.  n\u\ 
iron  as  arsenide-,  also  slaj;  .ind  ll.ie  dust.  Tlie  laijre  <|iiantities  of  silver  and  ar-eiur 
in  the  eolialt-niekel  ores  are  a  source  of  revenue  to  the  smelters.  The  ar^ieiitiferoii- 
s|>eiss  made  in  the  hiasi  furnace  is  roasted  to  aliout  in  per  cent,  arsenic  jiiveii  ;i 
diloridi/iii^'  roa.-t.  and  the  product  cyanided.  The  -ucces-ful  evaiiidation  of  mk! 
a  lompic  X  furnace  product  was  a  new  depaitiiie  in  cyaiiidin,:;.  I'lie  residue  i- 
sulphated  with  sulphuric  acid,  and  the  iron  i-  rendered  iii-olulile  liv  heatiiij;.  1 
tlii-  treatment  with  acid  the  coliall  and  nickel  dissolve,  as  well  as  -nine  of  jli. 
iron  and  arsenic.  The  iron  and  arsenic  must  he  removed  hefore  the  precipitaiini 
of  the  eohalt  and  nickel,  witli  solutions  of  lileachiii;r  |»o\viler.  Tlie  <:rade  of  coliiilt 
oxide  |n-odnceil  hy  the  Canadian  smelters  is  considerahly  hetter  than  that  prodiiie. 
hy  the  Knropean  refineries.  The  piodnetion  of  a  liiuher  ^'rade  oxide  at  a  lovw  i 
])nce  was  necessary  to  i-ompete  with  and  secure  the  closelv  controlled  trade  >■' 
ijirope.  Hotli  thesp  difficulties  were  tinally  overcoine  hv  the  improvements  ii 
and   the  ediciency   of  the  Canadian    processes. 

Ill  suminarizinjr.  it  may  he  stated  that  the  pro;:ress  in  the  iiietallur';v  !■:' 
eohalt  and  nickel  has  not  heen  owiiij:  so  nmcli  to  the  introduction  of  new  niellii"!- 
as  to  the  ilevelo|)nient  o(  the  old   oiic-  on  a   larpr  and    more  ellicieiit  scale. 

The  <:eneral  profrress  in  the  development  of  the  metallnrj:y  and  ore  dn— in: 
of  the  silver-cohalt-nickel  ores  ha-  hei  ii  due  to  the  i:raile  and  value  of  the  on. 
and  to  the  co-operation  of  the  operator-.  It  would  he  iinpos-ihle  to  irieiitioii  al' 
those  who  have  coiitrihiited  to  the  -iicce--  of  the  Coli.ilt  camp,  hut  spi.in! 
nieiitioii  -houM  lie  made  of  the  work  of  I'eid  ,111(1  Midfat  ill  ore  dressiiiir:  "' 
Heiiiiy.  Kairlie,  .loiies.  and  Cleveiij.'i  r  in  the  nietallnruy  -I'  -ilvtr:  mid  of  Kirk- 
l>atrick  and    I'cck    in   the  inetalliirjry  of  eohalt   and    nickel. 

The     Wet     de-iilpliiiri/iiiy    procc—     ii-eil     in     connect  ion     with     the    lnw-i;i,i'!' 

<n'e-.   Mild    the    in!  roductioli    of    the    ll-      of    -odilini    sulphiile    to    precipitille   the    -ihrl. 


1018 


The  Metalluncy  of  Cobalt 


69 


ndc  ili'Vilopctl  by  .1.  .1.  ilciinv.  iii('tiilliirj:ist  of  tlic  \iiM>-iiiii  Miiiinj:  ('(iiii|iiiiiv. 
I'mf.  S.  F.  Kirkpatrick  was  ilic  lii-.-i  U>  iiiti'ddiicc  llic  u-c  of  aliiiiiiiiiuiii  ilu«t 
for  till'  iti't'iipitatioii  of  sihcr.  Inn  lii-.  iliicf  work  lias  Im-'ii  in  ilu'  (lc\»'lo|»in(iit  of 
till'  iiictalliir^'y  of  culmit  and  iiiikcl.  t'liili'i'  lii>  (lirt'clion  tiic  Dcloro  Snu'ltiii;;  aiiil 
IJi'liniiij:  Comiiany  lias  liw'onic  tlii'  larjrcst  smcltrr  ti'catiiij:  tolmli  nvr<  and  also. 
line  niustiv  to  his  initiative,  a  plant  lias  liccn  rrt'ttid  to  smelt  the  conipicN  cuhall 
ori'S  of  Missouri.  Dillicnltic-  have  constantlv  arisen  in  the  treatment  of  ore>i  of 
iiilialt,  but  those  inive  always  lieen  solved.  The  excellent  work  ot  I'rof.  Kirk- 
[latriek  in  the  development  of  the  metalliiruv  of  cohali  iiiekel  iM'es  has  iteen 
reeo^'nized  l>y  the  profession,  ^inl■e  in  li'K  lu'  was  awarded  the  MeCharles 
iiinlal   of  the    Cniversity   of  Toronto. 
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CHAPTER  III 
THE  CHEMISTRY   OF  COBALT 

The  word  cobalt  ia  gynonymous  with  "  kobold.'"  meaning  goblin,  which  wa- 
a  term  given  by  the  early  miners  to  those  ores  which  did  not  yield  metal  on 
.-melting.  It  is  stated'  that  an  early  form  of  the  word  col)alt  appear*  in  ih.. 
writings  of  Basilius  Valentinus  about  the  end  of  tlio  15th  century.  Berthelot- 
states  that  the  word  is  of  Graeco-Kgyptian  origin.  In  Hoover's  translation  o; 
Agricola's  De  Re  Metallica,  mention  is  made  of  the  word  cobalt  as  being  froi;. 
the  fireek,  cobalos. 

The  use  of  cobalt  compounds  fur  cohmring  glass  was  known  to  the  anci'-ui. 
and,  since  1600,  cobalt  minerals  have  been  used  for  the  preparation  of  smalt.  I:. 
lT.3."j  Brandt  prepared  some  metallic  cobalt  by  reiluotion  from  the  ore. 

Polished  cobalt  metal  is  silvery  white  in  colour,  but  when  roihuvil  In.m  ri,' 
oxide,  it  i.s  in  the  form  of  gray  powder.  Tiie  specific  ^lavity  varies  from  ."<.Tli  on  ;]! 
uiiaiini'aled  sample  to  8.92  on  a  swaged  sample.  The  melting  point  of  col»ult  i- 
given  as  1478°C.,  and  the  tensile  strengtii  at  almut  31,400  pounds  per  si]uar; 
inch.-'     Metallic  cobalt  is  niiignetif.     The  atomic  weight  is  o.S.Di. 

Cobalt  is  soluble  in  dilute  acids.  The  metal  forms  three  oxides:  cobalt  ui- 
oxide  (CoO)  greenish  gray;  cobaltous  cobaltir  nxide  (C'0;,<)4)  iilack :  and  cobalti 
oxide  (COjOj)  brownish.  Cobaltous  oxide  is  dittuined  from  C'0:,0,  l»y  heating  at  u 
liigh  temperature.  The  usual  method  of  preparing  the  oxides  is  to  calcine,  a;  a 
red  heat,  the  hydroxide  obtained  by  precipitation  in  one  of  the  j>roic>-e-  meiitiuiis 
under  the  Metallurgy  of  Cobalt. 

Cobalt  forms  with  acids  two  compounds,  cobaltous  and  cobaitic.  Colialti.u- 
compounds  arc  pink  in  the  cry.«talli/ed  state  or  in  a((iieous  >ohitions.  hut  yellow 
or  green  in  the  anhydrous  condition,  and  blue  when  in  aqueou-  >o|\iiiiin-  in  •  :• 
presence  of  hydrochloric  acid. 

By  dissolving  any  of  the  three  oxides  in  acids.  >alt*  d. -lived  t'lmn   ..>l>al!    > 
oxide  are  always  obtained,  containing  iiivaleiit  cubalt: 
CoO-f2nC|-TLO-J-CoCl,. 
Co,0,,+6HCl=3lI,0+3CoCl,,+(r. 
Co30,-|-8HCl=4lI,0+;{CoCl,+CL. 

Simple  cobaltic  salts  are  unknown,  but  nianv  cnrnplex  oomt><'iind-  exist  w  ':. 
trivalent  cobalt,  as,  for  example,  potassium  cobaltinitrite.  pftnssiuni  .  .tiialticyair  i'. 
and   numerou.s  cobalti-ammonia   derivatives. 

Reactions  of  Cobalt  Salts  ' 

Potassium  or  sodium  hydroxide  precipitates  in  the  <■„]<]  a  l)lu>'  ha-ie  -alt : 

rori,4-KOH=:Kri+Co(OH)Cl. 
which  on  warning  i-  further  decomposed  by  liydroxvl  i.>ns.  f.irmiii::  t>iiik  .•.I'nalt  ■.• 
hydroxide 

Co(OH)C14-KOH=KCI4-Co(OHV,. 

'Omolin  Kraut.  KhtiiIIiii.Ii  iler  nnorgnnisdien  flieniie.  Hani  V,  1.  I'.tH'.i.  •,.  tito. 

'Iiloni.  p.  190. 

'  Knlnuis.  The  Pliv.sical  Properties  cif  ('•liisilt.  Bulletin  .".it!*.  I>epai'!ii,'iit  .it'  Mine..  l»tt  i  i 
Canada.  1014. 

*A  number  of  the  following  renetions  are  tak.'M  fro-n  T'l'iriwei'  Hal!.  XtialMie.i!  t'n  m 
istrv.  Vol.  I.  fourth  edition.  1916. 
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In  tilt;  la^c  of  a  imxlcTatoly  concentrated  solution  of  the  alkali  tin'  piv.  ipitairi 
of  pink  cobaitous  hydroxide  is  often  produced  in  the  colil,  •"inielini.'i  only  after 
gtandinjr  lor  some  time.  The  rapidity  of  the  reaelion  deiK'ml'  entirely  upon  the 
loneentration  of  the  alkali. 

Cohaltous  hydroxiile  firaduiilly  turn*  Urowu  in  r.intai.t  with  tli.-  air.  I'Muin,' 
lobaltic  hydroxide : 

2Co(OII)o+H,0+0=-.'Co(OH),,. 

Ill  this  respeet  "ohalt  iM-havt-.  similarly  i,.  imu  and  m*ii)j;aiii'-c.  '«ut  -iitTert 
from  nickel,  for  the  hydroxide  of  the  latti  r  i^  not  oxidized  In  atm'»ph''rir  oxyneii. 

Oil  adding'  ciiloriiie,  bromine.  hyi».M  hldrit*^-,  hwlro^ieii  p»'roxide,  I'tc.  M  an 
Kikaliiie  solution  coiitaininj,'  cobaltoiis  hydroxide  cohaltir  hydr<t\id.'  is  iiMm.'diat<"!y 
formed,  ii-   with   nickil  and  nianjiaiiesc: 

•.'lo(0II),+3NanlI+(  l,,r^-.'Na(l+-.M  o^olh.. 
vr„((HI),,+  lU)+XaO(I-\aCl+2Co(0»),. 

Friini  amnioniacal  cobalt  solutions  tiic  abo\c  oxidizin.i.'  a;;eiii>  i-au-.-  ii.>  pii-- 
r  |iitaiion.  hut  merely  a  red  nilnuration ;  the  additimi  <it  pota.—ium  liyilro\hli'  then 
uiii-es  no  precipitation,  whereas  in  the  case  of  niekei.  a  [irecipitate  is  foniiiHi. 

Coballoiis  hydroxide — ('o(OII),,.  iM'ha\es  under  some  coiiditiom,  as  a  «»aK 
atiil.  for  on  nddiiijr  to  a  cobaltous  solution  a  very  concentrated  solution  of  KOII 
cpr  N'aOII  the  precipitate  at  first  produced  dissolves  with  a  l)lue  colour  similar 
l.»  that  formed  with  copper  compounds.  \\\  'he  addition  of  Itochelle  >alt-. 
KNaCJIjO,,.  to  this  blue  (ol)alt  solnlioii  tlie  cidonr  cither  di>appear>  alnio-t 
ciiiirciv  or  beccmies  a  pale  pink,  while  tli<'  similarly  treated  >  oppcr  solution 
becomes  more  iuleiisely  blue.  By  the  addition  of  potassium  cyaniile  io  il-.c  idui- 
cobalt  solution  it  becomes  yellow,  and  in  contact  witli  air  tuni>  intensely  brown. 
A  copper  -oluti<in  would  lie  decolouri/cd  by  the  additi(Ui  of  potassium  cyanidi'. 

\\\  pouriii;,'  a  little  cobalt  solution  (or  addin;r  a  little  ^olid  cobalt  carbonate) 
into  a  concentrated  solution  of  (au>tic  soda  or  jiotash.  to  whicii  a  littb'  ;rlycerol 
has  been  ailded.  a  iduc  solution  is  jormed  (the  coiour  bciiiir  int.'iisitied  '.iv 
warmin;:).  which  after  standiiijr  .-onie  time  in  the  air.  or  iiniuediatcly  on  tlie 
ad'lition  of  hydroi;en  peroxiile.   becomes  a  beautiful  irrecn. 

Ammonia  pre<ipitates.  in  tlie  absence  of  ammonium  salt',  a  blue  basic  .-alt, 
-niiibjc.  however,  in  excess  of  ammonium  chloride.  Ammonia,  ibeivt'ore.  produce^ 
tin  ])iecipitatc  in  solutions  whicii  lontain  sulficieiit  amnioniuni  chloride.  The 
liiriy  yellow  ammoniacal  solution  i-  little  by  little  turned  re.ldi-li  on  exposure 
t"  the  air.  owinj:  to  the  formation  of  staltle  cobalti-ammonia  derivatives; 
{■o(OII),+'-'NII,ri+-.>NlI -C!o(NII,),('l,+?II,<>. 

.\ikali    carlionatcs    produce    a    reddish    precipitate    of    ba-n 
I  imposition. 

.\mmonium  carbonate  also  precipitates  a  reddish  basic  salt 
:u  exi'css. 

Barium  carbonate  does  not  precipitate  cobalt  in  the  cold  and  out  of  contact 
with  air.  Imt  on  exposure  to  the  air  cobaltic  hydroxide  is  gradually  thrown  down. 
The  precipitation  takes  place  mucli  more  quickly  on  the  addition  of  hypochlorites 
■'  iivdroiren  peroxide; 

ocoH  O-OBaCO  -;!H  (>-XaOri  =  NaCI-r':?Bari,->(  O  -K'ot  OP  , ,. 


>alt    oi'    \ar\iii-' 
■oluble.  liow.'ver. 
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If  tlic  Hilutioii  is  liciitcil  III  Imiliii):.  all  of  tin-  lohult  i*  itrtcipitntti!  «»  ,i 
lla^<i^  salt.  i-M'ii  uut  of  coiitacl  with   tlir  air. 

Ilvilrop'ii  Mil])liiil('  |>roilu(ts  no  luciipitatf  in  Moliitiiuis  ntiiiiiiiiiii^r  niincmi 
n«i(U.  Ill  iiciiirul  Holiilioiis  coiitaiiiin^'  an  alkali  a  ii,-ti-.  all  of  tl.c  n.lialt  i^ 
|)ri'ri|iilHti><l   H>   lilat'k    siilpliiilc. 

.\iiiiiKiniiiiii  siiliihiilt'  |)i'cri|iiial<'>  a  Mark  Miljihiili', 
(•o('l,4-(MI,),S=->NII,Cl4-t'oS. 
insoiiililf  in  aiiiiiioiiiiiin  Milpliiilc.  aiflir  aiiil.  ami   mi\    ililiiti'   IimIiu,  lilmi,    uiim; 
Miliildf  in  coiii-i'ntrnti'd  nitric  miil  ami  ai|Ua  ri';.'ia.  with  tlir  >i'|iiii'atiiin  ol'  -iiliiliui  : 

.•i(.'oS  +  Hll\(),n::||L(»-f,'\0-f-;iS  +  ;l(o(.\Oj,. 

Hv  c«»ntiiiiH'ii  action  of  siron;r  nitric  aciil  all  ilic  Mil|(|iiir  yoo  intn  .niniinn 
as  siil|iliiiric  acid. 

I'titassiuin  cvaiiidc  |iriiiliicc>  in  iicniral  soliition«  a  nilili-h  lin.wii  pniiiiitiili . 
Miliililc    in    excess   of    i>olas.iiiin  nlc    in    the   cold,    inrniinv'    Ihowii    ]iiiia»iinii 

colmltiK'vanidc: 

(•..(•|,4--.'K('Xr=(„(('X),+'.>K(l. 
(■o(»'\),+  lK(\  =  K,|(„(('.V)„]. 

On  warming'  the  hroHn  -n^nlion  for  Mune  time  it  Irinnic  hriuhl  vellow  ami 
jfives  an  alkaline  reaction.  It  now  contain-  |iiiia->inni  ■  oii,iltic\iiniilc.  of  aniilii'_Miu- 
coinpositiitn  to  )Milassiiini   ferricvanide. 

The  formation  of  tlie  colialiic  -all  takes  place  in  tin-  proem  c  of  atnio-pl.ci  i. 
owficii : 

•.'K,»o(C\),fO-)-ir.(>;T-.'KO||-f--.'K  (.,((•  \  ,,. 

The  reaction  take-  place  more  ipiicklv  in  the  pre-eiir,  i.l  i  hinrinc.  tin'iniii. 
hvpochlorites,  etc.: 

•.'K,('o((N)„4.('|,--.'K('l-r---'K,C,,((\)„. 

.\n  excess  of  chlorine.  Iinnnine.  elc.  iloi-  imt  i!e,nnip<i-c  the  colialiic  -nil: 
in  this  particidar  it  dilTers  from  nickel. 

The  cohallicvanide  anion  is  minh  more  -tiiMc  than  tlic  en  ialiu,'vani<lc  animi. 
Hy  adding;  hydrochloric  aiid  to  the  limwn  solntion  of  potn  — iiim  colmlloi  viinid. . 
liydidjfeii  cyanide  ( prii— ic  m  id ,  will  he  -el  flee  and  M  How  colialii.n-  .  miiiio.' 
foniu'd, 

'<,<'"('  N),;-flll<'l-tll(\-fll\('l  r(o((  N). 
while    potassinin    cohallicyanide    i-    not    decompo-e.!    In    h\droihloii.    acid. 

I'otassinin  cohallicyanide  l'orni>.  with  m.  t  ol'  the  licaw  nietaU.  dilli.  nin 
soliihle  or  iiiMilulilc  salts  possc-siiii,'  characteristic  loionr-.  Tim-,  ii  produrc-  wiili 
cohaltoii-    salt-    pink    cohaltons   cohalticxanidc : 

v'K,|Co(C\  )J-f:i('o('i    -cKCi  ;  Co  |(  <,((N  »,  |.. 
and   with   nickel  salt-  j.'rcenisli   nickel   colmliicyaiiide.      If.   ihcrefnrc.  a   coiialt   s,,lii- 
tion   contains   nickel    it   form-,   when    treated    with    -iilhcient    pota— ium    rvaiiidc    :■> 
rcdi>sol\e   the   cohall    prccipiiale.   hnilcd.   .i:i,|    acidiiicd    with    h\drochloric   acid,    i 
V'reeiii-h    |ire(  ipitate   of   nickdon-   cohaliii  yanide  : 
■,;KJC,.((\)„|+;!K,|  \i((\),|  f  i-.MK  r    |-ill('N.J-i-.'KCI-^\i,|(u((N)J.. 

I'ota-^-inm   nitrite    piodiices    in    concentrated    ,-olniinn-   .if   cohdt    -alt-,   in    Im- 
jirociicc  of  acciic  acid,  an   immediaic  pn  cipiiatioii  ui    vellow  crv-i;iliine  pota— ini  i 
lol.allii     nitrilr.      If    ihc    -olniion    is    dihite.    the    )>recipitate    ii;ipciir-    onlv    aft- 
standing:   for  sonic  time,  luit   more  ipiickly  on    rnhiiinL'  the  -^idi-  ,.r  ih.'  heakcr. 
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iviaaiU'ler  umhI  l.»r  the  (ubalt  u-\.  To  it.'-'t  lor  tt>l>»li  tlitutf  tlie  ttulutioii  to  about 
50  cc,  add  4  c.c.  if  UX  hydrochloric  acid  un'l  "iO  c.c.  o(  UN  acetic  acid.  Heat 
aiui  add  '>0  c.c.  of  a  laturut'd  !toluti<n  of  tiitn>:<o-/)-naplithol  and  l>oil  in  50  per 
cent,  ati'tic  tt>'id.  Jf  a*  niutu  h  0.1  nn{.  of  cohalt  i*  pri'H'iit,  a  red  precipitate  or 
turliidiiy  iit  obtuiiii'd  e\en  in  the  presi-we  of  •.•30  n»g.  of  nickel.  When  more 
limn  100  wg.  of  nickel  are  pr  -ont.  Iiowevor.  some  nf  the  l.rownish-yellow  nitkol 
compound,  [C'i„H,(N'0)0)..Ni,  «ill  j^icdpituto  after  tli--  -ohition  cooU. 

Tlie  reagint  used  in  this  ti*i  shuiihl  I*  freshly  pn-pured.  Nitrono- /J-naphthol 
jfradually  decomposes  on  ataiiding  in  the  air.  an<l  clmii^joji  from  yellow  to  brown 
or  even  iilat  k  in  colour.  It  tun  l>e  puritiod  l>y  iii««olviiiL'  in  hot  :«otliuni  liirUrtiate, 
tilteriiu.  and  repr-t-ipituuiu  with  fiilphurir  irl.i.  |  n-  ordinary  purposes  the 
«at\irHt<'(]  .-ohitiou  in  50  jxt  cent,  mftic  aciu  j-  mo-t  .«uitab'p.  The  eolmil  tct 
i-an  l»e  made  more  .hlii.iU'  l»y  adijiny^  an  t'«juiil  >  ihuuf  of  ahohyl  to  the  test  and, 
for  detecting'  tnue*  of  nlm?',  iin  aipuou*  Mtluiion  oi  the  organic  sulwtanee  can  lie 
u-ed.  IfUt  a.-  ."i.ium)  c.c.  of  U'v  are  retiuircil  t  ■  dissolve  I  gram  of  tlie  nitroso- /i- 
nat>!ithol.  it  i-  evident  thu;  rlic  aiiucoii-  iolutinii  i*  not  suitalde  when  much  cobalt 
is  present.  An  cvce>s  of  the  reagent  is  ic.juircd.  as  a  part  of  it  i-  u.sed  to  oxidize  the 
i.'oiialt  to  the  trivalent  conditi<iii. 

(■(ifipcr  give-  a  cimraeteristic  (.ill..-  'ii.iwii  precipitate  witii  the  reagent,  anil 
it  i«  pos-ible  ti>  >cpiirate  copiwr  from  hail,  i  .ii'.niiuni,  etc..  Iiy  meauii  of  it.  Ferric 
iron  iiive-  n  lounish-blaik  precipitate  whi  i  -erve-  as  a  mean«  of  sepan 'ing 
iron  fr<»m  alurniniiim,  luangaiioc.  etc.  Ferroii-  iron  al-"  gives  a  greenish  pre- 
I  ipitate  in  muiral  solution>.  Of  all  tlic-i>  precij.ii.ite-,  however,  the  cobalt  com- 
pound is  the  most  cliaracteri.stii  an<l  the  lea-t  intlu'  ;ied  iiy  the  presence  of  acid. 
Thus  with  the  acidity  recommended  alMtve.  the  ])re-eii.  .•  of  a  little  ferric  or  fenous 
in '11  cause-  no  disturbance. 


t^' 


ill: 


Keactions  in  the  Dry  Way 

The  bead  i)ro<luced  by  i>ora\  or  -oiliiim  inetaiiho-pliaii'  with  colialt  salts  i- 
olue  ill  both  tile  o\idi/.iiig  iunl  reducing  tlnines.  By  holding  tiie  Iwad  in  a  reducing 
tlame  for  a  loriu'  'iu.<'  it  i^  pii--ii>le  to  redm-e  the  cdlialt  to  metiil,  when  it  appear^. 
like  nickel,  gray. 

On  charcoal,  coi)aU  conii>ouiid-  yield  grav  metallic  colialt.  which  can  Iw 
removed  by  means  of  a  magnet.  The  metal  is  placed  on  tilter-paper.  dissolved 
in  hydrochloric  acid  and  dried.  The  pu|H'r  i>  then  coloured  blue  by  cobalt.  If.  now. 
-odium  hydroxide  is  added  and  the  paper  e\iH)-cd  to  the  action  of  bromine  \apour>. 
black  cobaltic  hydroxide,  Co(()IT),.  is  formed. 

Salt>  of  cobalt  when  strongly  heated  with  alumina  give  a  blue-coloured 
oniipound.  Thenard's  blue,  possibly  CoOAl.O.. 

Quantitative  Determination  of  Cobalt  and  Nickel 
In  Oxidized  Ores 

The  colorimetric  method  outlined  below  was  used  to  determine  cobalt  and 
nickel  in  the  ores  of  New  Caledonia. 

A  10  gram  «ample  of  the  finelv  ::  •  lud  mineral  was  treated  with  hydrochloric 
acid  and  boiled  to  i>btain  complete  deeompopition  and  also  to  expel  the  chlorine 
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which  is  Mt  frc«  iu  the  rvactiuu.  liy  thi<  trvatntvut  all  thu  nteuU  ihuuM  Im 
concerted  to  soluble  chlorides,  Ivaving  a  ri-)tiilu«>  of  liliia. 

The  solution  was  diluted  to  IW>  u.c.  tlu'  iron  |>rt'L'i|iiUtcd  liy  iiowtlcnnl  Cut  «», 
ur  CaO,  and  the  solutiuu  tlltercd.  To  the  liitrutf  oiu>  or  two  dro{M  of  hvdrtx-iiiorii' 
acid  were  added  to  remove  any  turbiditv  due  to  caUiuni  curlM)nate.  The  cleur 
solution  wan  tlien  poured  into  a  standard  Lolorinu-triu  tlu»k  or  UiW  uml  comimred 
witl>  !«tuudurd  colours.  For  the  oerieit  of  >luiidurd  colourv  u  solution  of  cobalt 
chloride  wan  uwd.  To  prepare  the  cobalt  chloride,  a  weighe<l  quantity  of  cobult 
nitrate  was  (iilcined,  and  the  oxide  obtained  iliHtotved  in  conccntrutid  hvdriM'hlon.' 
acid.  After  the  excels  acid  was  removed,  the  cobalt  chloride  wan  ili-uolved  und 
dduted  to  give  solutions  of  tlK>  di>*tiri'd  Ntren^'th.  Standard  solution!)  lontuinin;; 
from  *K'i'}  to  5.0  per  cent,  cobalt  oxide  \»ere  |»ri|mri'd,  the  ditTerent  solution^ 
varying  by  0.'i'>  jwr  cent.  It  was  jwssiblo  to  deterniin''  the  colialt  in  Xew  l.'uledoma 
vres  cobtrimetrieally  to  within  0.2.'i  {kt  tent. 

Cure  must  1)€  taken  in  the  preparation  nf  coloriniotric  solution*  to  add  a 
Miiall  quantity  of  niikd  cldoride  (alMHii  one-tliird  the  (ontained  (obalt  chloridi-i. 
fi.-r  anount  nui^t  be  token  of  the  nickel  which  tbe  asbolile  contain^.  The  amount 
iwually  varies  between  one-half  to  oiit-lliirii  of  tlic  ciliaii.  (Jnt  n  nickel  (hloiide* 
di>i'rea>e  a  little  the  ro.«e  colouration  ol'  lobalt  rliloriilc,  heme  tln'  ad<lition  of 
inrkei  chloride  to  the  staiulard-i. 


Htectrolytk  Determination  or  Cobalt  and  Nkkel 
In  Oxidized  Orew 

The  nsboiite  of  Xew  t'aled4>nia  contain-  silica,  alumina,  cbiomiuni.  ii'iii. 
iiiaiifianise,  nickel,  and  toball. 

Thirty  grams  of  lindy  pulverized  mineral  were  treated  with  conceiitrati  .1 
iivdroehloric  acid  until  deconi[)osition  was  complete.  In  cast  the  mineral  vsa- 
not  completely  dtcumposed,  the  hydrmhloric  acid  solution  was  allowed  tn  settlr. 
and  the  clear  liquid  de< anted  through  a  tilter.  The  re«iduc  was  then  heated  with 
a  little  hydrochloric  acid  and  a  small  quantity  of  nitric  acid.  After  removing 
die  excess  acid,  the  solution  was  diluted  and  (iltered.  The  residue  was  wasliicl 
-Hverul  times  by  decantation  and  finolly  it  was  brought  into  a  filter  and  wa-lied 
Hell  with  Itojling  water.  Tin-  last  n^irtions  (ilteri'i!  should  Im'  I'ree  from  iron,  tlie 
filtrate  In-ing  tested  i)y  ])otussinm  ferr<H'yanii|e  or  -ulpbiM-yanide.  The  filtratf« 
were  comliined  and  diluted  to  !•<>••  c.c. 

The  residue  contained  the  silica,  silicates  of  uhnnina.  ihromite.  etc. 

To  150  c.c.  corresponding  to  5  grams  of  ore.  a  little  sulphuric  aeid  wa- 
added  and  the  solution  boiled.  If  any  nitric  acid  was  present  the  solution  wa- 
evaporated  to  sulphurit  fumes.  If  the  evaporation  was  necessary,  the  solution 
was  afterwards  diluted  to  100  c.c.  In  either  case  the  iron  was  reduced  by  zinc 
or  cadmium  shavings,  and  titrated  with  standard  potassium  jx'rmanganate.  Before 
titrating  it  was  citftomory  to  test  for  any  unreduce<l  iron  with  potassium 
fernwyanide. 

From  another  150  c.c,  the  iron,  aluminium,  and  chromium  were  precipitated. 
The  greater  part  of  the  acid  was  neutralized  by  sodium  carlmnate  and  then  a 
quantity  of  ammonium  chloride  was  added,  followed  by  additions  of  barium  or 
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ciilciimi    I'iirli.iimtc.     Tlic   M.liiiion    wn-   hIIhhcI    \,,    <\:\u,\,    wiiii    iic(|iiciii    -tirriii-. 

to   ipcniiit   the  u\i(i,.  1)1'  .•lirciiiiiiiiii   to   lie   i(iiii|i|(ir|v   (li'c I .,1.      Ariel-   lilici-Jn-. 

the   |irciii.itnlc   Mils   \vii-lic(l    until    the   Wii-li   w.Wrr  ilid    ii..-    ~\u,\\    ii    ]ir.',i|iitiii. 

llic  Mclililion  111'  iiiiiiiioiiiiiiii  >Ml|ilii(lc.  'I'lic  |in<i|iitiilr  ua-  cli«.,,|\,.,|  j,,  hvilr.i- 
ililoi-ic  ill-ill.  Kriiiii  till-  ilihilcd  -iiliiticiii  till-  ii-iiii.  iiliiiiiiiiiiiiii.  ami  rliiniiiiuiii 
livili-Dxiili's    wcic    ].nTi|.iiiiii-il    liv    iMiiinoiiiii    nltrr    tin-    aiMiimii    nf    -cMial    ::i-aiii- 

"I'  iiiiiii iiiiii   i-liliiriili'.     'riii>   iii-i'ri|iitatii-ii    i-    i-r|iraliil    in    i-riiio\c   an\    irair^   .■]■ 

Iiaiiiiiii   or  i-iilriiiiii  i-iirliiiniili  >. 

Till-  iiri'(-i|iitali-  was  ilri.-il  ami  lalciiinl.  I'>_v  -iilii  rariiiiL;  il;r  wri-h:  uT  ir..;, 
fnliml  |iri\iiai~l\.  tiic  wci-lil  i,(  ijir  .M>iril>iiii>i|  alliiiiiiiiiiin  ami  rlivnniiiiin  i,\i,|,- 
ua-;  <,.liliiiiiril.  'I'lir  |>icii|iilaii-  was  I'li^,  il  with  siKJiiiiii  pri-n\ii|,.  ami  tin-  ilii-niniuiip 
ilcliTliiim-il  liv  aridii'viiii;-  llic  mmIIiiim  ilii-uiiiiltr  >i'liiti(iii.  aihliii-  a  -lamlanl  IVrnui- 
siil|ilialr  sdlutiuii  ami  lili-alin--  with  |Mi-iriaii;;aiiatr.  'I'lic  aliiiiiina  \\a-  ili!i|-iiiim  d 
liy    dillVrciu-c. 

l-'roiii  ilic  liiiii  i-.c.  (,r  ~nluliiiii.  till-  ii-uii.  ahiiiiiiiiiiiii.  and  rlii-nniiinii  u.i-. 
liifiiiiilalnl    li\    lalciiini    rai-bunatr.     Al'ii-r    lilicrin,::'   and    wa-liin-    tin-    |i|-r(ipitai.'. 

llii'  Miliitiiiii   wa,-  ili\iilt(|    intn   t\\(i  jiaii-    I'm-  ihc  ~r|iai-ati T   inan-am-r.   nirkrl. 

and    I'lilialt. 

'I'd  iini'-liair  id'  tin-  liltralr.  wliii-h  i-iinlniiri-d  tin-  maii-ancv.  nirkid.  and  iniult 
in  III  -ranis  i.d'  on-,  sdiliiiiii  rai-liipnaic  \\a>  addi-d  in  cm-,  >«.  ijun  arriic  arid  l.i 
di-sii|\r  ihc  |iiTi-i|iitatc.  'riiinv  tip  liliy  v.v.  ipf  -iiiliuiii  ari'lali-  wi-iT  adili'il  to 
till'  Mpliitiipii   wliicli  was  altiTwai-d-  -aiuiali-ii  with  hMli-ii;;vn   siil|phiilc  :  ilic  -ipliilimi 

Ipciii.i;-  kr|Pt  at  ^1   ('.     'I'lii-  |ii-i-ii|iiialc-i|  siil|ihidcs  nl'  luliali  and  nirkrl  un-r  re \,d 

liy    liltcriiii:   ami    washed.     The    lilt  rale    wii-   le>teil    lei-    iii.|p|-eei|.iiaiei|    e,,lialt    ami 

niekel  lpy  adilitiiins  ,>(  small  i|ii.-iiiiiiii-  ipf  aiiiim.iii Mil|p|iide  whiili  -i\,.,  a  Maek 

|iieei|iitale  with   eiphall    and    iiii-kel   sail:-.      .Viiiinipriiini   sul|pliidp-   wa>   added    lo   ili. 

lillrate  Id  lPreei|pilale  lliaili;aiiese  -nl|pllide.  a  III -ll-rii|niired  |p|eei|pitate.  The 
nian,:;anese  Milpliide  \\a-  di-snlved  in  hyili-iiehliirie  aeid  and  llie  iiiaii.i^aiiese  deier- 
niiiieil   as   iiianiiaiieM-   diipxide. 

The  |ire,-i|pitale  III'  eiiliall  and  nirkel  Mil|ilii,|,  ^  «a-  di-M,l\eil  in  a(|iia  |-e-:a 
and  i\a|Hirateil  In  d-yiie".  .\  I'ew  e.,-.  ,,(  Mil|p|inne  aeid  uei-e  added  and  liie 
-iihitiipii  hiali-d   lip  leiiiiive  an\    \iilalile  aeiij..  and  de-lrnv  an\    i>n:aine  matlir.      'I'iie 

Miliiiiiiii    ipf    niekel    and    eelialt    -id|iliale-    \\a-    diliiled.    i:eiili-ali/e,|    with    ainn i,i. 

and    eleetriplyxed    in    a    slii;hlly    aeid    sipliiliiiii. 

Til  se|iarale  the  eehall  and  niekel.  the  lllelaU  Uele  di-~nl\ed  in  nilrie  aeid 
wliieli  was  i-iiniiMil  lp\  e\  a|iiii-aliiin  and  addilinii-  id'  livili-iieldiii-ie  aeid.  The  alin.-i 
iieiili-al  liyili-iieldii|-ie  aeid  sciliiiicn  was  -aliirated  wilh  elilni-iiie  L:as  i,i-  Ipi-niniih. 
then  an  e\ee>~  111'  ealeiiim  111-  iiai-iiiiii  eai-lmnale  ua-  added.  The  -nliiliuii  wa- 
dilllleil   and   allnweil    in   -land. 

The   eiphall    hydi-ale    wa-    |pri-ei|ii|ated    w !  lie    niekel    remained    in    -nlnlimi. 

In-lead     III'    ellliil'ille    ,,r    lirnmine.     -nllllnpn-    nf     -  uil     ll\  |PnellliP|-ile    IPI-    ilV|l.lliriPlllite 

may  he  used. 

.\milllel-    lllellliiil     (l!ii>e"s    llietlind  )     tip    s,.],jifnle    the    eiihalt    and     llii-kel     wa-    In 
I'eeiliilale    ill     a    l-ip 


|preei|iilale    ill    a    i-ipld     llelll|-al    -ipIiiIIiiII.    lile    eiihalt    livdi-ali-    ip\     addl 


limis  III    Ili 


'I'    ealeilini    eai-hiiliale-     ill     ll 


pI'     1 


le    |ireseliee    (p|     Ipl-nmille     waler    n|'    elilnrille    uas.         I  I 
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.  -■  i(  iiiriuni  >  .ifliiiiiiitc  iiii>l   li|-i>iniiic  wa-  [iri'lVriiil.      If  \\tf  -nliitinn   li.'.-am.'  ihiil. 

;hii-  ili'lauii'i  Mini   cmii    -Iii|i]iiliL;'  llic>   ]ii'i'ii|iitiil ii>ii.  liiiiii.iiiiilc   u,-i-   aiMnl.   tlir   (  O. 

1  \|m'IIimI.   ail  I  llir    -■iliiiinii    cmmiIimI    lid'orc   iiililini;-    liii-    lifciiiiiiii'    waliT. 

/,iiic  aiN  liki'  carliiiiiir  iiriil.  llif  »iiiiill(-t  (|nanlil\    rclanliiii;   llir   |ii'iii|ii1al  i'-ii. 

'I'll        i'(illl|"i-li  ii:ll     I'f     ihr     |l|iM-i|lillUl'll      iililik      ii\iilc     Uil-     ill-lrl  lllllliil      liV      i||--m1u11:; 

'i  a  ini\tMi-c  nf  lll'l.  iiiMiiii;-  ]iiilii--iiiiii   imliilr  and  clilci'iiiiiiiiii;  tlii-  khIIhi.  ,,■!    licr. 
Till'  aliM^c  oiiilii r  till'  iiii'tliiiil   111    aiiaU/iiiL;'  rolialt   ni'i'-   nl'    Ni"    (  alril"iiia 

\.  ;l-  uivcll    li\     I'lC'lt/cr.' 

In  Arsenical  Ores 

'I'll  II. "i  ":•  l.'i  i:i'aiii-  III'  HIT  ailil  H)  i-.i-.  i>\'  liyilrn.lilnrir  ami  ■"■  r.r.  ..<  \\\w\.- 
ai  ill.  .M'liT  till'  MriiiiM  has  ii-a-nl.  aiM  '.'n  c.i  .  ><\'  (1:1)  -iiliiliiii'ir  aciil.  r\a|iiiiali' 
!.i  siil|ilim-ic  rmiH'-.  ami  I'liiiir  fur  live  iniiiiitc-.  In  imi-i  cmm'^  ilir  trfHtniriit 
with  hvilnichlurir  ami  nitrii-  aciil  iiiay  lir  oiiiitlril.  'I'n  tlir  rnnl  -ul|ihiii-ir  a.  i,! 
-nliiiiiiii  aihl  III  c.c.  of  mill  watrr.  timii  \'<  r.c  of  hvilriirhlniic  ariil.  -p.  ;;r.  l.lii  aiul 
lii'iit  on  the  Imt-pliilc.  {•".Viii>iiriitt'  LTi'iitly  tn  fiiincs.  ihfii  aihl  .">  c.i-.  of  iiitrii'  ariil 
am]  ihc  siilutjipii  i-  a.iiiiiii  hnitcil  In  fiiinrs.  Afici-  ihis  iiinTatinii  tliiTc  >hiiiilil 
'ir  ahiiiit  •"»  f.c.  of  If. SO,  |iri'-.  it.  Alioiit  '.III  pi'i-  iTiit.  of  thr  ar-niir  ii  \o!atili/.ril 
iiy   ihi<   trcatinciil.-'  Tlir    icniaimlrr   of    tho   arsciiir   ami    aiiv    coppiT   ari'    |iri'- 

ri]iitiit('il  liy  IF_,.S  from  a  Imt  solution  containin:;  in  r.r.  of  livilrochlofir  aiiil  in 
Imi  r.r.  of  solution.  Till'  iirscnir  sulph  li'  slionlil  lir  ioin|ilrti'lv  prnipitati'il  ainl 
loaniiliUfil  in  li\c  to  ten  niimiti's.  'I'hr  Mihition  is  liltrnil  nsini:-  a  l.">  tin.  No.  1  !•'. 
Swrilj^li  liltri-  paprr  ami  the  pn  lipitali'  wa-hnl  with  hot  ll_.S  watrr.  Tim  liltrati' 
may  In-  tcsinl  for  iiiipi-cripitati'il  ar-iiiir  li\  pas^ini;'  II. S  L;as  tlii-mii;h  the  -iioihI 
tiini'. 

Tile  rlcar    liltfatr   is   hoili'il    to   1  \prl   ally    II_,S.   thin    .'>   i-.r.   of  Iiyilroi^rn    pi'loxiilr 

i-  iiililcd  to  oxiilizi'  the  iron.  Ainnionia  is  aililnl  in  rvcc-s  in  prri-ipitato  tlir 
iron.  Tlicrc  i<  i.^imlly  a  siillii  iciit  ipiantity  of  aniinoiiinin  salts  pfiv-riit  to  prcNciit 
till'  pri'cipitntion  of  thi'  lohalt  ami  niikd.  .\fti'r  tlir  aiMition  of  ainnioiii.i.  tln' 
-iliition  is  hoilfil.  ami  tin'  iircripitatr  allowi'il  to  -I'ltlr.  lilti'rnl.  ainl  wa-hi'il  with 
lint  water.  .\s  tliiTc  is  a  tciidcmy  for  thr  iron  innipitatr  to  iitain  soiiic  lohalt 
ami  iiirkcl.  thr  |)riMii)itiilc  is  ilissolviil  in  liot  (l:h  II, >*<',.  ililntcil  to  -.'oil  fn 
■  lull  (•.<•.,  oviili/r^l  with  hyilroi;cn  pri'nxiili-.  iT|)rfripitatcil  with  aniiiionia  ami  trratfil 
a-   alio\('.     Tile   ioinhiii('(l    liltratcs    arr    ivaporati'il    lo    'i'lH    r.r,    ami    rlntrolv/i'il. 

Alinllt    III    tn   ."id  iM-.   nf  ainillnllia    shnlllil    lii'    prc-iMlt    in    the  clrrtfiiK  ti'.      Till'   aijilitinll 

nf  (I.."i  i.i-rains  nf  soiliiiiii  siilphiti'  lirfurc  clritroly/inLr  vi^''-  k  lii'ttcr  ilrpusii.  For 
larli  a>say  a  current  nf  n. ■.*-->  aiiijieres  riiiinin;r  nverniiilit  i-  ii-eil  with  the  orilinarv 
-tatioiiary  platiniiin  eleet miles.  The  he~t  results  are  •.i>iiallv  olitaiiieil  wlnn  there 
is  not  more  than  ii.l.">  irrains  of  nieta.  on  the  eathmle.  With  revnUiiej  aiimles  ,| 
ttiiirh  sliorler  time  i-  minireil. 


'  l!ell>..T.   Kii  Cliiniie  Iii.liisl  rielle  .Muilerne.   llUt, 

■Till-  wiili'i  i>  iiiili'litnl  til  \V.  I.  Ki'^i:.  iliief  I'lieniist  nf  I  lie  Delnni  Siiieltlii:;  ami 
Iti-iiiiiii^  ('oiii|inii> .  I'm'  llie  uiilliiii.  Ill'  1  he  atinxe  iiii>i!mmI  nf  teiiiiniri^  iiiiisl  III'  till*  ai'M-nii'  ]i\' 
vnlatili/.iitiiin.  Tlie  vnlatlli/atinii  nf  arseiiir  I'lilm  iile  is  lint  iii'W.  lint  tlie  writer  is  lelviM'il 
that  T.  Melvni.  a  t'niriiei  rlieiiiist  at  Delnin.  was  tlie  tiist  to  a|i|i|_v  tlie  metlinil  in  llie  assavs 
f.  r  iMilijilt   aiiil   iiii-lii'l. 
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Wlu'ii  the  Lobalt-iiickil  .•.olutii.iis  contain  a  larj.'^  iKixcntage  of  in.n.  it  i^ 
advisable  to  precipitate  co],l  and  aftcrwurds  boil  the  xdution.  Wlicii  ii>ing  a 
revolving  anode,  it  is  not  nccosaiy  to  rtnio\c  tlic  iron  before  philing  unless  prc«Tt 
in  large,"  quantity. 

To  test  for  any  col)alt  and  nickel  not  dejiosited,  remove  a  few  c.c.  of  the  electro- 
lyte and  add  a  few  drops  of  aninioniuni  >uliihide.  The  formation  of  a  l)lack 
precipitate  shows  the  ])resence  of  col)alt  or  nickel.  The  electrolyte  may  a^o  be 
tested  by  removing  a  few  c.c.  and  adding  a  few  c.c.  of  dimethylgloxime.  Am- 
monium salts  give  a  yellow  colour,  cobalt  a  brown  colour,  while  nickel  gives  a  red 
prccipilatc.     The  last  of  the  nickel  ajipcars  to  lie  deported  after  the  cobalt. 

After  the  deposition  is  complete  the  eb'ctrodes  are  wa>hed  and  dried  with 
alcoh(d  and  weighed. 

The  cobalt  and  nickel  is  removed  from  the  electrode  by  placiu'j  it  in  a  lMai%-  r 
ccntaining  about  T  c.c.  of  hot  nitric  acid.  The  electrodes  arc  allowed  to  remain 
in  the  acid  for  10  minutes,  any  undi»oi\ed  metal  lieing  removed  bv  tilting  th. 
beaker  and  turning  the  electrode  in  the  iui(i.  The  electrode  is  washed  with  Imr 
water,  and  the  solution  is  evajMirated  to  about  1  c.c.  or  less.  Dilute  to  Ki  cc. 
neutralize  with  caustic  potash  and  iidi'  >ullicicnt  hydrochloric  acid  from  a  jiipeit- 
to  dissolve  any  precipitate  ami  lour  dro|i^  in  e\ce>s.  Tiien  dilute  to  :>o  to  i:.()  ,-.... 
depending  on  the  quantity  of  nickel,  (the  larger  volume  with  larger  amounts  ..i' 
nickel),  and  boil  tiie  solution.  To  the  hot  solution  add  a  sullicieiit  (|uantity  of  a 
1  J)er  cent,  alcoholic  solution  of  dimethylglyoxiiuc  to  combine  with  the  nickel  and 
cobalt.  Nickel  requires  .J  and  (obait  I.T  timo  it>  weight  of  dimethylgloxim.:. 
A  few  c.c.  of  the  reagent  in  excess  is  necessary.  When  the  solution  is  made 
s.'ightly  alkaline  with  ammonia  ?  .  itrecipitatc  of  the  nickel  salt  of  dime- 
thvlglyoxime  is  fornieil.  An  e\ce>  ,,r  ammonia  should  be  avoided,  four  drops 
are  usually  sullieient.  After  allowing  the  )ireci|iiiate  to  stand  far  .'<»  minutes, 
filter  into  a  weighi'd  (iooch  crucible,  'i'iie  precipitate  is  washed  with  hot  water, 
dried  at  lO.^^C.  and  weighed.  The  weight  of  the  precipitate  multiplied  by  (\>'n"l 
gives  the  weight  of  nickel.  The  weight  m  cobalt  is  found  by  difr,.reiuv.  Th.' 
dimethylglyoxime  method  of  prcci])itating  nickd  is  especially  adapted  for  deter- 
mining small  amounts  of  nickel  in  the  presence  of  large  amounts  of  cobalt.  Tt 
is  satisfactory  also  when  the  nickel  is  high,  but  the  quantity  of  solution  taken 
should  be  sucli  that  there  will  not  be  more  than  0.0.5  grams  of  nickel  present. 

The  a<tion  of  dimethylglyoxime    n  the  nickel  .«alt  is  a-   follows: 
CH,— C=XOH 

3  -f  xifi-fsxiT -•.'\n.(i-^((jr,,v  o;,\i 

(IT— C=XOH 

According  to  I..  T-chu-aeir.'  who  first  projiosed  this  qualitative  t.-t.  tiie 
presence  of  one  part  of  nickel  can  be  detected  in  the  presence  of  JOn.OOO  parts 
of  water.  The  reaction  is  not  influenced  by  the  presence  of  ten  times  as  mucii 
cobalt.  When  a  larger  proportion  of  cobalt  is  present  the  following  procedure 
is  adopted  to  detect  traces  of  nickel  in  cobalt  salts.  Add  strong  ammonia  to  tli- 
(Solution  of  the  cobalt  salt  until  a  char  solution  is  obtained,  then  add  a  few  cubic 
cenrimetres  of  liydnigen  jieroxjde  and  boil  the  solution  a  few  minutes  to  deeompoif- 


Heiii>lile   ,1(1     |)ii,t>.-|ii-ii    i-li.iiii>,|irii    (M-i)l<,-liiit't.    1!«0.-,. 
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tiif  •■\(c—  •'!'  tiii>  i''ii;:<ni.  Till  11  inlil  tiir  «liiiirih_\  l;:l_vii\iini  am;  i'j;;  r  ■iriii^  tiit 
.(pliitinii  tci  a  ln'il.     A   wry  -mall  (iiiaiiiiiv  c.f  nji  kil  i  aiiM  -  a   i-c:  ,,  form 

ami  till'  -i«lt's  lit'  tlio  ln-aki'p  liirniiif  inairil  with  a  lilm  tit  ifi!  i  ■  .  With 
smalliT  amounts  nf  iiiokol  tiic  rulour  i-  ii-i  uli-i  rxt-il  uiioii  tiir  ii,,!  i'  tiirduun 
HJiiili  the  >oluti«iii  i»  [yiuicd  ami  tiif  iii'iiijiitati'  biiiijr  waslicd  •,. iili   iint  water. 

Tin-  al)i(\('  rracticin  i^  tlu-  iiin-t  -iii-iti\r  ti'-t  kimwn  I'nr  ilcticiini;-  iiickii  iii 
:iif  jirt-on  •(•  of  cobalt. 

Separation  of  Cobalt  from  Nickel  by  Nitroso-/j-Naphthol 

Xirkil  ami  (■(ibalt  iiiav  al^i  in-  >tjiaraii.'"l  \>\  tije  ii^i-  v(  ^Ul■•l-l- /j-NajiliilK'. 
Till-  -ijiaraiidii  (li'itnids  on  the  solubility  of  llif  iiiekfl  i.(iiiiiii'iim!  in  iiji.liinlilon'- 
ill  ill.  wiiilf  ilh-  cnlialt  Lumpounil  i?  iiifoluble. 

Til  jiroci'i'd  with  this  method  tin-  imtal-  are  removed  from  ilir  eleetrode?  as 
abiAe.  o  e.e.  of  .-ulpliurii;  acid  added,  and  the  -ulutioii  e\aporati'd  In  ^ulphurie 
liinir-.  ('(Mil,  dilute  aiul  add  o  v.,-.  i.t'  i  niieeiitrated  liydroehlorie  aeitl.  A  fre>lilv 
pre|>arfil  hot  siiliitimi  <<i  nitni-o- /i-iia|i|ith"l  in  ."I'l  per  eeiit.  aeetir  arid  solution 
i-  added  to  the  cobalt-nirkel  -nlutiuii  a-  Imiu'  as  a  precipitate  coiilinne-  te  form. 
Tile  ]>reeipitate'  i.«  allowed  to  settle  and  the  solution  tested  for  any  cnbalt.  Tin 
si'lutiiui  is  liltered,  tiie  pn-iipitaii  wa-lied.  lir-t  with  mid  water,  then  witii  waiin 
1>'  per  cent,  hydrnchlnrie  arid  ii,  -iii.,\f  any  nickel.  Finally  wa-h  with  Imt  wati-r 
until   free   from   acid.     The   preii]iitate    is   dried    and    liearnl   stninL'lv    in   cnineii 

the    r-nbalt    eiiin]HilUKl    tn    nXiil'.       After    the    rarboll    nt    the    lilter    paper     i-    all    inh- 

-iiiiied.  the  cnlialt  is  reduced  to  metal  by  heating  in  a  current  of  hydrn^'en. 

Till   di«ad\anta;;es  of  ihe  nitrii-n- /i -iiapli!li<il  iiu-tlmd  are.  tir^t.  the  preeipitate 

raiillot     lie    i-niiverted    In    i.\ide    and    WeiL;lied    beean-e    nf    the    \aiiable    enliipn-ilion 

of  the  n\ide.  and  seinnd.  the  o]ieratioi  nf  reilinine-  the  nxide  tn  metal  re(|iiiri  -  more 
time  am!   attention   than   tlie  iliinerliylelynvime   meihnd. 

Separation  of  Cobalt  and  \ici<el  by  Potassium  Nitrite 

After  di>solvin,ir  the  enlmlt  and  nickel  in  iiiirii-  acid,  the  -nhuinn  is  e\a]inrated 
tn  a  thick  syrup.  From  ."i  to  l(i  c.i-.  nf  water  is  added,  and  the  -nlution  neutralized 
itv  potassium  hydrate.  Any  ]irecipiiaie  i-  di-sohed  in  acetii;  aciil.  n-uallv  addini.' 
!*  c.c.  of  1:1  acid  in  e\ce-s.  Tlie  cnlialr  is  preiipitated  as  yellnw  tri-pnta.--ic- 
eobaltic  nitrite  by  the  additinji  nf  a  -"M  per  cent,  solutinn  nf  ]Mita"iuni  nitrite,  tiie 
aiiiniint  dependinj:  on  the  peri-entaee  nf  inlialt  jiresent.  .\ii  r\,e->  nf  pnia-siuni 
nitrite  is  re(|uired.  but  u>ually  In  tn  l-'i  -ranw  -hnuld  be  pri-eiit  in  each  a>-av. 
The  Miliifinn  is  allowed  to  -tand  in  a  warm  jdace'  for  l-'i  hmu-.  when  the  precip.taie 
dmuld  liavo  settled  tn  tic  botmni  of  ilie  beaker.  Tin-  -nhninn  mav  be  tested 
fnr  iinprocipitatcd  cobalt  by  reninvin^-  a  pnvtini  addiiii:  ninre  nitrite,  and  allnwiriL' 
:!ie  -nlution  to  stand  for  an  liour. 

The  solution  is  tllterm  and  the  yirecipitate  washed  with  a  '>  jur  cent,  snlutim: 
ef  pnta-siuiu  nitiite  acidilied  with  acetic  acid,  or  with  a  10  fier  c.nt.  solutimi  ni 
TiOia-inm  acetate,  until  the  jnvcipitatc  i-  fiv..  from  nickel.  The  filter  is  removed 
!rnm  the  funnel  and  -pread  nii  ihe  in-ide  ..f  ili..  iieaker  in  vvlii'  h  the  precipitatifiii 
wa>  made.  ^[n>t  nf  the  iirecijiitate  may  be  reinnved  liy  a  -iream  nf  hni  water. 
•viiile  any  i'  inainiiii:  nii  liie  paper  is  ilis-nhid  bv  In.t  dilute  -uhiiniric  ar-jd.     The 

c:i,l!t   -nliitimi    i.-  exapni-iitei!    tn   -11 1 1  liiu  I'i.'   fium -.  cnnleil.   i;i]iited.   Miai'-i-   ..nnii' '1;  i;icii   . 

.Il'l     ilecll-nlweil.        T'l'      Ilicke]      •-     .l.tai'iil     bv     'l  !  fTerence. 
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Separation  of  Zinc  from  Ciibalt  anJ  Nickel 

I'lic  llMliil  iiii'IIkmI  liiM.ii  to  -.imnit.'  zim-  \i;,ui  rnl,iih  ;iii<l  iiiik,.|  j,  t,,  j,|v 
i-ipitalc  Ilic  iwn  liitt.T  h.rliiU  l,y  li\  .1  rn-vii  Mil|.|iii  !,■  iii  m  iinil  ml.  iiicliit.'.  or  loiinir 
aci.l  solution.'  Kmik  .ii-i:,-t  nniinili/iii-  the  -olim,,,,  with  .o.jim,,  ,arl.oiiiit. 
ami  loi-iiiic  aciil.  md  mlcliiii;-  «o.liiim  loniialf  •i|iiii|  t,,  a|i|iro\iiiiatclv  ilinr  tiim- 
tiir  ufi;ili|  of  th,  A\iu:  Tile  i|iiaiitit_v  of  coliali  all.!  ni.kcl  i.nx'iit  al.-o  has  an 
.•tr.vt  oil  the  piiril.v  of  the  iinMi|,itatc  ami  ih,'  , |i!,i,.|i.-.  ol'  th,.  |invi|,itatioii. 

/iiir  iiia.v  !..■  .-riMi-alr,!  riuiii  ,ol,alt  l,v  a.hlin-  t..  a  nnitial  «,,liilioii  i-utav-iiiMi 
.■vaiii.l..  until  ai  i.iv.ipilal..  whirl,  f..  in-  i-  iv.li-,o|v,.,|.  tlim  jii  ,■.,■.  of  a  \n  |„i- 
inil.  solution  of  |,ota»-iuni  >ul|ilii.l,..  Alt.T  Man.lii;::  Im-  I--.'  hour,  the  zin.-  -iilphidr 
may  ln^  n-iiio\nl  hy  lillralioii 

It  is  also  possililc  to  v|iai-ato  n.lialt  ami  iiick.l  iVoni  zin.'  I.y  elect rol\ si-  at 
•.'.1   ■.'.-.'    volts.      With    hiiriliT   \oltaee,   the   zille   i,   ilepo-ited. 

Determination  of  Cobalt  anil  Nickel  In  Cobalt  Metal  - 

(»nr  firani  of  .Irilliiifrs  e,)ntaiiM'.l  in  a  I.Vi  c.r.  eoni.al  thisk  j-ioNichMl  with 
a  tra|.  (iiiadf  of  a  caleiiini  ehloiide  tiihe)  i.  nvatcd  with  -'n  t-.,..  of  liulroelilori. 
aei.l.  s|).  ar.  L\->.  \  -entle  heat  is  aipplied  until  all  actio,,  .rases.  On.'  c.c  of 
nitric  nci.l  sp.  j;r.  ].l  is  added  t..  dis-ol\e  any  rcnainin-  lueiallie  residue.  .\, 
soon  as  the  action  of  th..  nitri.-  a.i.l  is  coin|d..t...  tli.^  trai^  is  rin-...|.  ,vin.K..I.  ami 
the  solution  evHj.oraf.-d  t..  a  syrup.  Th.^  confnt-  ,.(  th.^  flask  an^  tak.  i,  ,ip  with 
.'?(!  c.c.  of  water  am]    (iltcre.l. 

The  silic.'ous  rcsi.hie  .>„  the  filter  is  waslu-.l  with  uat.^r  a.i.lnlated  with  a 
few  dro|)s  ..f  liydi'o.hlori.-  aci.l.  iii.iii..,at,Ml.  aii.l  In-..!  will,  live  liin.'s  its  wei-ln 
of  potassium  pyrosulphat...  Th.^  fiisi.,,,  is  .li-.,U..,|  i,,  „  li,th.  water,  ami  a.l.l.Ml 
to  th..  imi'ii  filtrate.  Th..  slightly  a.i.l  s.,liitioii  ,,r  th..  metal  i>  wariii..d  and 
satiirate.l  with  hy.lr..,i:..n  Milphi.le.  'I'h..  Milphi.|..>  of  arsi.ni.-.  coj.p,.r.  <.t....  an 
n.m.i\...l  hy  filtration.  tl,.,i-.ai-|,ly  wasl„..|  will,  aci.lidate.l  liv-li-..-..,,  sniphid..  wat.-i 
(I  <•.(.  IICI:  KMdl.O)  Ml,. I  th..  liltrat..  can-lit  in  a  .'..•.O-.-....  .asserol... 

To  (.xp(.|  tl,(.  ir.S.  tli(.  cont..|its  .d'  the  eass.rolc  are  ..vaporated  t.i  a  small 
v.duin...  The  iron  is  .)\i.lize.l  with  a  few  .Imps  ..f  l.r.nnim..  ().■>  ;rrams  of  ain- 
nioiiium  chlorid..  ndd..il.  an<l  th..  ..Kaporati.m  i-ontiimcl  to  dryn. .ss  at  water-hatli 
t..|)iperatnre. 

The  dry  chhn.ides  ar..  iliss.ihc.l  in  „  Ijttl,.  uat.'r.  d.l  u,-,,,,!  .,f  aniinoniuiii 
forinate  added,  an.l  th..  \vh.>|..  dilut...l  t..  -Mt  c.c.  Th..  soluti.pi,  is  l,.'ated  until  a 
l.r(..ipitat(.  of  hasic  f.^rmat..  of  ii-.m  s..],arat..s.  \',.ry  diliit..  ainnioiiia  is  ad.l...l 
until  th..  s.,lution  is  only  slightly  a.  id.  Aft.'r  riirth..r  heatin.;:  lor  a  few  luinut.s. 
the  pr..cipitate  of  hasic  inn,  format.,  i-  all.iw...l  to  st.ftl...  lilterrd.  and  wash...! 
with   a   hot   diliit(>    (n.l    p,.,.   ce,it. )    s.duti ,<   aminoiiiuin    f.irmate. 

The  washed  iron  i)r(...ipitate  is  .lis-olv.'.l  .,11"  the  filti.r  v  iti,  hot  dilute  (  I  :•".  I 
hydroi-hlori.-  aii.l.  th..  liltrat..  hi'lnu'  .aii-ht  in  the  (■ass..r.ple  in  which  the  iron  pn- 
cipitati.pii  was  mail...  Th..  s.iluti.m  i><  the  iron  preci|)itat..  \.-  iu.utraliz..d  with 
ammonia,  ammonium  f.irmate  ail.l...l.  and  the  ir..n  pr...ipi'ati.ii,  n.jH.ated  in  a 
vohim..  of  ahout  ."id  c.c.  Th..  precipitate  is  filter.'.!  an.l  wash..d  with  th.'  hot  diliit. 
ammonium  f.irmnt'.  solution  as  l.efor... 

The  conihinod    filtrates   from    tli*.    two    ir.n,    separations   ar.-   (.vajxirated    with 

'  Tlies..     DL'tliiiils     ai..    siiimnari/i.il     liv     Fuiili.     Zi'lt.-i'lii.    iiiii.l      rin'iiii..      Vej      4(i      UuiZ 
]<\>.  il.'MOC.  .... 

'Kiiittel.  Can.  Min.  .Inm..  \„],  :;.!.   im.-).  |i.  .-,117, 
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tllC    ll<ltlitioll    (if    .S    C.c.    i<(    (  (ilHl  llUilliil     -lll|illlllir    ilrlil     lllltll     I'llllli-     ill'     •  lll|llni  Mi- 

mid  lire  cuijimisly  fMilvnl. 

Tlif  siilplmli  s  life  (li— iilviil  in  \\,[\,-v  iunl  t  liiii-l'ii  n^l  tn  m  1>"i  (  .r.  tiill  licMkrr. 
k('c|iiii;.'  tlif  vtilumc  of  the  •uliilinn  iil"iiil  "i"  i-.c  Si\tv  ■■.<■.  nf  aniiiiuiiia.  >|i.  yr. 
o.!»  is  j.'riiiliially  milled  tn  tlw  -ipliiiimi  in  liie  lifiikir  (ki'i>t  cnul  in  running:  waicr) 
fiilldWf'l  I'V  in  c.i-.  (if  "^(1  |icr  lint,  iinininninni  lii-idpliili'  Miliitiiin. 

'I'lii'  ciilijiit  iind  nirkil  iiif  li.pnsitcil   luiiitlni-  uitli  ii   iiiiniit  <<i   'i.'>  :iin|nri-. 

W'ilCll     till'    Scihltilill     i»    rolllliril--.    lllr    lii\lT    ulil--    iinil     lilr     -illr-    of     IJlc     lililkiT    ilfr 

iiiisimI  with  Wiiti'f.  iind  lin'  iiiinnl.  iriiiinil  tn  i'."«  iini|iiri-,  i-  iilhiwcii  in  ]in-» 
iinlii  a  IVw  i-.c.  of  ch-ctfolyti'  ii«iii|  with  iintii-^iiini  -iil|ihiiiaihiiniiti'  -hnw  that 
ihi'  iiiliall  anil  iiiiki-l  ari'  ciinqili'tily  ilfjin-itiML  'I'Ih'  calliiMlc  i«  rrinip\i'il  witli  thi' 
ii-iiai  |ii-i  laiitiiiiis.  ilrii'il,  and  \\u-  di'|iii-iti'i|  mliidi  and   niiki'l   \vri;;hfil. 

Thi'  iiilialt  ainl  niiki'i  ai'i'  di--iil\i'd  I'lnm  thf  lallmdi  with  .ii'  cc.  ol'  nitric 
arid  (I::!),  the  cathndr  i'in>nl.  iiiiiovimI.  and  thi'  M>liitii>n  i>\'  \\\v  niiial-  JHiili'ij 
In  v\].  \  iiitrmis  I'mni's.  Tlu'  Mihitinn  i-  dihitid  tu  'i>»>  i.i-..  m  iilralizid  with 
aininiMiia.  inaih'  faintly  aiid  with  niii'lr  aiid.  Inatrd  to  ahum  .'iii  tn  <iii  ('.  and 
thr  nicknl  |inM-i|iitati'd  with  a  1  \'fv  icnt.  almlinlir  -nhiiinn  nf  diinrlhylLdyn\iini'. 
I'nilnwi'd   liy    II)  c.c.  i.f  a   '^1'   ]iir   rent.   annnnliiMin   acetate   ^nhitinn. 

The  ]ireci|iitate   is  allowed   tn  stand    I'nr    fnlll    limil-.    lillel-ed   nil    ii.lii'stns.   wa-lled 

twice   with   hnl    water.   ri.'-ili--nl\ed.    ami    the    |ireei|iitalinii    re]ieaied    in    a    \nliiine 

nf    -.'I  Ml    (•.!•. 

After  -landing'  fnr  an  Imiir  in  ,i  warm  |>laie.  ilii'  nickel  |ireci|iitale  is  liltered 
iiitn  a   (innch   criicihle,  \\a»hci|   with    h^.t    water,  and    dried    at    l^iit   tu    1  in  ('.    I'nr 

fnrty-tive  llliinites.  The  Weiuht  nl'  ihe  |ireci|iitate  limit  ijilied  hv  ll.'.'li:'illi  i;i\c- 
the    nickel.       The    anmunt    nf    enhalt     i-    fnuili]     hv    ililTefcnee. 

Nntes  and  freeaiitiniis. — Cnhalt  nietiil  ii-ually  coniain-  frniii  '."S  i.>  :i>.."i  per 
lent.  enhalt  pills  nickel.  Knr  thi-  icii-nn  tlic  ainniint  nf  n.-.'  i,,  ii.:',  ^'ranis  nf 
material  reenniiiiended  hy  -nine  fni-  the  deiciniinal  ii.'ii  nf  the  enhalt  and  nickel 
-eeliis  scarcely  sniliiieiit.  a>  the  weii;hiii;j  ci'fnr-  iiivnhcd  wniild  appreciahly  all'cct 
the  results.  The  use  nf  lari;c  ijiiantilii-  nf  aiid-  fnr  snliiiiiin  ninl  nxidatinii  i- 
In  he  ciiiideiiined.  as  the  ieinn\al  nf  ihe  i  \ce->  cnii-ninc-  time  and  iiicrea-e-  the 
chalices  of  ineehaiiieal  ln>s. 

The  sej)aratinn  nf  iiun  a-  ha-ic  fnrinatc  i-  jirefeiicil  mi  aeiniint  nf  the  ea-c 
with  which  it  ran  lie  wa-hed.  and  liie  fm-mate-  are  cnnijiletely  ilecnmpn-.cil  mi 
evapnratinii  with  suljihurie  acid. 

The  ]>re>ence  ii(  acctales  in  t",:e  eleilrnlyte  -11  111-  tn  retard  the  cnlllplete 
ilepn-itinli  nf  the  last  traces  nf  nickel.  In  i.>lie  instance  nil  elect rnlyziii;:  a  -iiliilinn 
frmii  metal  eniitainiii:;-  '.il.-"i  per  cent,  nf  enhalt  and  ".s  |ier  cent,  nf  nickel,  in  the 

lire-ellce  nf  acetate-     •    e  lllillii:ram  nf  nickel    wa-   fnlind    in    llle  eleclrnlvte  l")!!  iniiiUtes 

after  on;iipleti>  dep.  timi  nf  the  enhalt.  Tiie  \nlnme  of  the  electrolyte  should  he 
M'.t    within    the    limit    speeilied    aliove.    a-    the    eniiiiilele    dennsition    of    the    liietal- 


1    dilute    snlutious    is   Ullllece-sarily    prnlnllired. 

It   has   heeii  fnuiid  that   tlu    amnuii 


t    nf    inhillt    and 


ctriilyte  after  electmlysis  is  le--  than   ti.iM 
The  eathndis  Xised 
Till 


iii.kel    ri'iiiaii;iii;r  in    the 
miile. 


■r  cent,  on   a  one  jfram  sinni 


if   the   |ierforaIei|    type    with   an    etVecti\e   -Uiface   nf   90 
juare   ceiitimetres.     The   anode-   are    -pirals    iiiade    of    n.iil    iinh    wire.   n.U    inch 
liameter.  and  have  ahnut  li  turn-. 
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Dry  /U»ay  for  Nickel  and  Cohalt 


111  thi.,  ;..,ay  .vh i,Min;{.'  i^  fakon  CI)  ,.f  thn  fucilitv  with  whir-h  nirkrl  niM  r-ohalt  mav 
I..-  .mK-ontn,,...!  ,,,  ,.,.n.hina.i„„  «ith  ar«.ni.  to  form  a  ».ri,,:  (-,  ,.f  th^  X  ,,/  ^  J  ""n 
.Mhn  motal.  wl,i,.|,  ,h..  ,ppi„  „,„,.  ,„„»„i„.  ,.;,..  ,,„„.'. oJmlt.  n  ,.koK  a n.^ 'op,  -r    and     h 

..."  r,  .1,..,   .„,,„.„,,.  l„.np      Th..,   „,..  „.,nov..,l  i„  tl r.|,.,  n,..,,..,|.     Fn.n  gi  J,'   ,    brown  , 

..,     ,    to  l...„..v.  ,„.,.I,   a  Mm...  „i,.k..l  a  .la.rr.v.|„„„„.  ,.,,.1  ■  ,.  I.l,„,     7, ,.„  ""' 

,.   i'        i:  T    U  T^-  "'■'■.•'■"' ■   '•"''"'"••'   '•>    "'"  ■■^'■'"V-lM I    in.li.a,..,  ,1,..   ,„..,al 

.     tl,.  l.,„„x  ,t  „  p,H„l,l..  to  f„Ml  tl...  point  at  whipl.  tlrsf  II,..  Iron  an,!  tl tl ,l,alt  an.l 

.Hk.  1   an-   r..m,.v...|.     A    «,,v,„Hh   tint    i^   impart..,!   to  tl...  l.orax   at    tl,..   tnomrnt    t .I.al- 

"r      ,   "  '"''T\-'-  "" ''"'  ''■'■  "  *'"•"  •''""   •"■'"'  '''■""''  '""■'""•  <'"ll.'«-...l   l.v  a  -r....|,i.|,   tin. 

Ml...  tl,..  n„.k..l  ,•.,»„„..„.•..,  t,.  pa,s  o,.t.  Thii  rhanuo!.  to  tl.o  full  sl.prrvl.Vow.,.  an.l  i,  fol 
lowi'.l  liy  a  -i...M,,..Ii  tint  hI,,-!,  n>pp<.r  .•.Hiiinrncos  to  ..xi.liito. 

••av.'fol  ..xaniiaati.,,,  ,,,,.1  .r„i,-|,  ..„„.  „„.  , „:„  v  t tain  ..v.-n  fair  ,..,„lts.     TJv  w.-iyhin,,' 

til.'  l,.it  on  nt  tn,.  va,„.,m  ,tau,.«.  ll„.  prop..,ti„ii  „f  it-  .■onstitu..ni«  mav  l.o  .l,.tprniii.e,|  If 
'■-|.1'.M-  I...  p..........  1  ^la.n  nt'  ^ol.l  is  a.|.l..,I  t„  tl„.  Imtton  afl..r  tl,..  n-movnl  of  tlio  c.l.ult. 

.(-■,.•.11/    ..(■    Ihi.l   ,1,1,1  S/ll  l.v,«. 

Fr..m  o  t,_.  io  -ram,  of  tl „•  ar..  tin,.ly  pow.|..r,..l  an.]  pas...,]  tl„,.„;;l,  a.,  si.  ,„..sl,  .i,..  ■ 

nl.  o,l,  an.l  tl,.^  oal,M.,at.on  p..nt, »,„■.!  till  tl„.  ..arl.on  i-  I,„rnt  auav.  tl„is  r...l,.,.in-  tin-  snlnhat.., 
an. I  ars.'nat.-.  torn,...]  in  tl,..  (^a,!i..r  sta«.'».  ' 

Th..  r..ast..,l  n,a,«  i..  inix...|  «iil.  n,2  to  0.3  tinios  its  w.>iclit  of  ar*..ni,..  an  ciual  w,.i.rht 

a  mo  W.!',  ;  "  ;'•  ■'  '"T  "•'  ",'-"'•/'"■'  -  *"  *  -"-nni,  of  liorax,  n...|t...l  in  a  rr,.,il,l,.  a- 
a  mol...  ,t..  t,.n,p..iat,ir...  an.l  p.„„,.,l.  If  „„„  l...  .,i„..„t.  ,15  grams  of  pur,.  ir,.n  fllin-H  min- 
l.|.  a.|i|...l  lii.fori'  tiision. 

in  ..nn'C""''''  ":•",'""•""   '■*  ''•;""■'"■■>   «■'■'""  ""■  'I'lff  an.l   w..ii:li...l.     It   sl„„il,l  1...  m..talli.. 

in  ..pp.. , .an,-...  an.l  l,av,.  a  smooth  ■^u-y  s.irf I',„tions  w-.i-hin^'  1   li.am  sl,.,ul.I  1„.  fak.-n 

t..r  tl,,'  siiliscini'iit  si-.iri  Ileal  ion. 

Th.'   s.-.oiti.'ation   will,  l.oiax   is  o„i„!,i,t...l   in   ,M,all   shall.iw  .lishos   i,    inch   in   .liam.'t..' 

'":;  i,;;:;ii  r ";;;';  ''t  '""■r  "'"■■  '■"  """'•• "'  •""".--♦•-i  <■'«>•  an.i\.rou,;,.  ;ots  'ti,:- 

n.a.l..     t   l,.,XHoo,l.  an.l   pi,.vi.l,.,l   will,   a   aminn.tal   o,    iron   ,i„-.     Th..  .|i.| 1„.„1,1  1,..  ,i,i,.,l 

carefully  ami  l„.nt..,l  to  fl,ill  r<^.ln,.ss  in  a  mi.ffl..  l,..for.^  „,P  i...nl.l  I"    ,l.i.  I 

Vhil.>   pivparini;  tho  spriss.   a  small   mufflo  shouM  1...  nin.l.'  as   hot   as  possible    as   th.. 

hrw^i,,'.'  ,  >,      '''"■""'""  ■I'-P-n.ls  I»r«Ply  on  tho  t..mp..rat,iro.     Tho  back  of  the  mufflo  shouM 

oi.ix  -lass  an.l  a  V..SS..1  of  poM  wnt..r.  Pla.'o  about  a  gram  ,  ralh..r  loss  than  moro)  of  borax 
n  onp  of  t)i..  .Iishos  as  tar  from  tli.>  front   as  pan  be  s,.pn.     It   is  .'onvonipnt   to  wran  th.. 

borax  in  ti.ssiio  i.nppr  an.l  ,liop  in  tlip  .spoiss.  als..  wrapp.vl  in  tissu..  pap..r 

Tho  mufflo  shouM  be  hot  enouch  to  melt  the  sp..i.ss  immo.liatelv.  or  the  or.ler  of  oxi.la 

tion    will^not   l,p   piP,,P,vP,l.     T1.p  borax   sl.o,.l,l   not   be   suffiPient   to   po-       . he   spei s,   when 


1    s.'orifii's. 

Its  removp 

Knd  as  so.in 


mell.'.l.      >,„■    a    n,on,..nt    the    siirfa.-e    is   .lull,    but    aln„.st    instantlv   1 
very  muph  like  the  biighteninc  stage  in  the  ei.pellntion  of  silver.     In 
tho  .li.sh  an.l  ponti'iits.  an.l  immefliately  plnpe  the  bottom  .)f  it  in  w;  : 
as  the  b..a.l  IS  s.il„l.  subnierae  it  in  the  water. 

If   iron   only   has    pnsse.l   off.   the  brownish-yellow   tint   .lue   to   t;  .vill    onlv   b.- 

ol.serve,l.  but  it  the  smallest  amount  of  p.ibalt  has  1 n  remove.!  the  sla,       .,  be  ...-enish  or 

If  a  larger  .p.anl.ty.  l.h.e      The  eorreot  stage  has  b.-en  i.'a.'he.l  when  a  faint  gr.vn  tinge  i^ 
is.ble  in  the  s^lag.s  near  the  ...Ige  an.l  roun.l  the  b,.,t.>n.     If  this  1...  not  obsorv;,!.  the  opera 
t...n  >s  repented  till  the  p.ont  is  reaehe.l.     If  it  is  past,  the  s.-orifieation  !<  le-starte.l  w.'^^h  a 
iresli  port. on   ot   speiss. 

The  speiss  now  only  p.u.tains  pobalt,  niek,'!.  an.l  e.ipper.  It  is  weighe.l,  ami  the  o|,era 
ion  vope..,le.l  w.th  every  preeaution  till  the  eobalt  is  ,em.,ve.l.  Lpss  borax  is  necessarv  as 
he  bea.l  is  re.lupe.l  m  s.ze.  an.l  a  green  pap  of  arsenate  app.-ais  when  the  niekel  pommenee, 
to  ox.d.7.e.  a,s  well  as  he  gre.'n.sh  t.nge  in  the  slag  near  the  bottom.  The  attainm,.nt  of  this 
point  IS  mnrk.^.l  als.)  by  the  motion  of  the  button  momei.tarilv  eeasing.  The  proeess  nee.ls 
careful  wateh.ng.  The  ,1isl,  is  with.lrawn.  an.l  quenehe,!  earefullv  as  before  If  on  exVm 
.nation,  it  is  .loubtful  whether  the  niekel  has  pommeiice.l  to  sporifv.  it  is  best  to' weirrh 'the 
prill  an.l  return  it  to  a  sporifier  with  fresh  b.irax.  and  examine  immedintelv  it  is  melt...! 
Tl,..  d.'ns..  1,1,1..  ot  th..  pobn  t  will  n,.t  then  interf,.ie.  an.l  the  brownish  poloui-  of  the  nieke! 
(an.l  the  gnvn  eap^  w.ll  be  apparent.  The  prill  is  weighe.l.  If  P„pp,.r  were  present  in 
the  speiss.  the  prill  will  now  .'onsist  of  ni.kel  an.l  poppe,-  ars..ni.le?.  If  muph  niekel  i=  prr=ei.' 
th,;  scorilipation  may  be  p.mtiniie.l  in  the  same  manner,  but  it  is  better  to  a.1.1  1  ..ram  ..f  pur., 
gold,  an.l  pontinue  the  s.-orifieation  so  l.ini;  as  niekel  pontiiiiies  to  be  remove.l.     The  resulting 

■  Assa.ving  an.l  M.-tallurgi.-al   Aiialvsi- 
nnd  r.impany.  1011. 


I'l..  l'.':;-i..'.-).  R!i,';,,l  an.)  s,.xt.>ii:   L.iii-maiis.  (;.. 
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ln'll'l    •i)|lf.i.l>    lit'    til.  i    anM    lllhl    lllll|MT,        ll     i«    Hl'l^h.'il.    Ill     I    111.'    ill.'ti'M'l'    ill    VMlylll    ..t'    III.' 

Rolil  lioftcl  aivo»  til.  ,.|i<>r.  r.inllrtnBlor.v  ri'Kiiltn  iimy  !»•  'Ip'iiim'.l  li.v  iMi|M'lliii;;  tlic  ;»iiM- 
ropiMT  IwBil  Willi  .".4  timi'i  it»  weight  i>f  leu. I,  wli.-n  t'li.'  aol.l  cmly  will  )«•  left,  tlio  low  of 
weiijht  hoinn  popper. 

In  tho  nliovt-  ri-niiirks  it  'as  lii'i'ii  iisKiiiiH'il  tlmt  I'nliiill  im  pn-^i'iif.  If  it  lit  tilim'iil.  it  li 
tliffii'ult  III  iinoprtnlii  fhn  point  at  wliich  inm  i-i  ri'niovi-d  iin.!  iiicki'l  commi'ni'i'n  to  piimt  out. 
Fiirthor.  in  asisiiviny;  nn  iink-iii»n  »p<'ii«H,  »lii<'li  miiy  rinitiiin  niokt'l  an. I  iron  only.  tlu>  ;;rivn 
arstfiiati'  nf  nickel  whirli  t'ornin  on  tlii"  siiil'aci'  ami  iiilIit  tin-  lininl  nmst  not  In'  nnif.iMn.li'l 
with  till"  umcn  tinj;!-  imlirateil  iiliovi'. 

Mollified  Mithnd. 

In  nnler  to  nvoiil  the  difflcnlty  caiiwil  liy  llip  i'iip|.i.|.  it  \^  «rinii.|inii'<  ri'inove.l  lipfiir'" 
f.iiiiiin;;  till'  Kpt'inii, 

■riii.  -.iiniili'  of  ori'   i<  ilii.'i.«li..|   hIiIi    .miia   r.'yia    till   i..ini|ili.|i'ly  ili nip.iH...|.   liy.liii.M.iti.' 

nci.l  iiililc'il.  anil  the  nitiic  ai'iil  I'Xpclli'il  liy  I'vapiHHtiiin.  WmIit  Im  tlirn  nilili'.l.  an.'  the 
liquor  satnrnti'il  witli  »nlplitiri'tt«'il  liyilmni'ii,  Hliii'li  pri'ripitati-«  tln>  roppcr.  ptc.  Tlio  liipii.l 
is  tilfori'il,  ninl  tlio  rrniilno  wnslii'il  with  watiT  rontaininu  «iilpliiiri.iii..1  livilrourn. 

Till"  flifiati'  is  tlinn  lioiloil  till  sulphiiri'lti'il  liy.|ri);;.'n  is  luinpli'ti'ly  i'X(m,'I1i>i],  oxi.liz.'.l  Iiv 
aililing  a  fi'w  ilvops  of  nitrii-  ni-iil  to  tlii'  lioilin;;  solution  an. I  in'iitrali/o.l.  To  tin'  n-  ilrtil 
solntiiin  Imriuni  mrlionati"  ami  lironiino  uati'r  an'  aiMi'il  in  rxiria  ami  wi'll  shnkon.  Afti>r 
hoilint;.  tin-   solntion    is  filterml.   an.l   the   prccipilati-  waslii'il.   .Iiicil.   an. I    ii;niti'i|.     This    prc- 

cipitatp.  wliii'li  nintains  tin-  wlmli'  ot'  llii'  iioi halt,    in.l   niiki'l    i-i  ...iMiTtril  into  a  ipoisi 

ai  Iipforo,  Imt  without  rongtiti);. 
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CHAPTER   'V 

TMK    I'SKS  OH  COilAl.T 
ColMit  Oxide 

loliiill    i-    ii..(|    (hirlls     III    ill.-    rciriii    i.l'   (iM.lr    III    ll,,'    .iiiiiii.l.    |>.,ii  I  hiin,    nml 

l.'lil"    lll.|ll-IIH'..    lull    Willlill    the    lll-l     IVw    \.1M>    tllH     ||.r.    |ia\r    Im.ii     r.iiiii,!     I'nr    til,. 
Illrllll     wllilil     I-     III     im-c  lit      |i|nilMili|     ill     i  i  .|i.i,i,  li|  I  ilr     i|llll  II I  i  I  \  .       <ol..|||     mrllll     !- 

llvil   ilijitlv    ill    tlir    iiiiiiiiil'in  mil'   I'l'    -liljilc.    i\    ...liiiji-,  |,|,,iiiniii,    a!lo\.    h-.,!    n-   ii 
'"''''I-    '"■''•      'I'll''    Mii'iiii    i.    ii.Mi'il    III,.    ||i-|i-,|MTi|    .inU    I,,    -n,     im|ii',,\,,| 

>  lltlillV'   <|lllllilil'>.         Il     i^    ;\]~i)    ll.i'il     ill    I'lillllll     {ihllili;:. 

•  ciluilt   iixiili    mill    it,   I  iiin{iiiiiiii|>   nrc    ii»,(l    ii.    |ii::iiiiiii.   m    inlniinim    niicui-. 
If   i-  siiil  tliiil   will  11  1. limit  "i\ii|c  i.  |)rc'.iiii   ill  till'   n'lici  ,,(   I  I'.'ii.niin,  n    iiiiiMrt-  :i 

l>illi>ll     tlll,:;r     t.i    I  Icill-    ;;|,|.,     ,,!■     jiMlVl'lllill.        'ril.      ,.\ii|c     i,     ll|,|,■|^     nf     ;:r.l\.     Illll      \\i|.  Ii 

fiiTil    Willi    lioriiv    ,ir   .ilicii    il    I ,H.,   J,    iii'illiiiiit    liliii    (III,, III-,     rnl.nli    ..vi.l,'    ,- 

ill"...    llv  ll     in     .lllilll     |.ln|li,|-|i.,||.    til    |.riillllir    Willi,.    fU. !-.    Mlln.    illlV    •.     IIiiW    I  1,1, ,111 

llllr     tl.    il'Mll     il\il|..    i-     II, -III    ,ill/|.||     \,\-     ill..    collllliilllililiilN     .iiIimII     Illll...     |i|lii|||i  illi;     ;| 

|iiiiT   uliilf.      AUii   li\    till,  iiil.liiiini  of  i-..liiilt  iiMil...  iii|i|ii|.  i,\,ili..    |i\  iii|ii«il.'.  iiiiil 

'■^'■11    il' ^iil.'.    I"   .irliiiii    iiiw    iiiiMiiii-    III'    uji-ti'   iiiiiiM,  U.    11    liiiiiMiriil    Mill  k 

.'iiiiiiii!  i-  iiliiiiiiii'il.  'rill'  i'iiiii|M>iiiiil<  .if  iiiliiih.  Inr  ■.\iiiii|ilr.  -ilinitr,  iiliiiniiiii;.  . 
]>li.j<|iliiil.'.  iir>iiiiili\  mill  iiilrilc  hit  ii-,  iI  in-iiiiil  ><(  ilii.  uMilr.  Ih.(iiii>i.  iIh-v  i:i\. 
lii'ttiT  mill  iiiiiic  iiiiil'iinii  iiijiiiiriiii:-.  Tin.  Inlliiw  in;;  inlilr  ::i\,.,  n  li^i  „f  i;,,. 
.ii-iDiiimv  liiiiMiU  III'  iiiliiilt  riiiii mil-  with  ilirir  iiiiiiih  ii.iii..iit  : — 


Mriiiiil. 


S|,|.,.i:il    l>i  ..iyiititiiiii 


flnniinil    I'm  iiiiil:i 


I'l'iiTiitiii;!. 
''liliiill   <'iiiitiiit. 


'■'  ^'  Km Fiiirst    iiil.iill    ii\iili'    (sii|iniiii    iinIiIci  Cnf)    7s      |„.|    ,.,.i,;. 

<■  K<>  «!ri'y  iiilmlt  oxiili'.  In    (\,()    7.1 

I"  K   ()  (iii'V  .iiliiilt   iixiili'   ("iiO    7.-, 

K  K   ()  Hliii'k  nilmlt  iixiili',  Il r„n '.'...'...  711 

!^  K    ()  Uliirk   ciilmlt    iixiilr    Cn'oi    >'<*• 

A  K   <»  Culiiilt   iiisi'iiiilp    f'ii,.\.j()..s||  <)     ..  I'l' 

K  <»    M  Ciiliiilt    itirliiiiiiiti'    riiCO, ."ill 

I'  K  ()  f'.iliiilt   piinsiiliiit..   CiKi  I'0, 1  .vijo    .  ::^ 


'I'll' liiiiU.v  Ci.O.  Cii.O.  till, I  CiiO,  ,.i,iili,iii  7s.  V.  71.1.  ,,|„|  7;;.  (  ,„,,  ,.,.„,  ,.,,|„|||.  i,.«,„.,.|  hrly. 

Till.    lli-tiil'V    III'    |I||.    Mllll..    Ill'    nillillt    iolll|lliHllll-    il-    rlllnlllillL'-    lILiVIlt-    lllltc-    llil.k 

til  |irc-lii-.tiirii'  limes.  IlowrMT.  il  nmy  'h-  >iiitnl  llmi  it  wn-  imt  until  t!i- 
•lisiiiMTv    111'    thr   >il\|.r.|.i,li;ili    ,l,.|iiisit,    ill    Silin.i'lii.r;;    in    1  111*,    ilnit    nilmli    wii- 

iisiil  til  miv  i^rciil   I'xti'iit.     'riir  |iri'jim'iiiii f  i-.ilmli   iiiiii|iiiiiiiil-  iiiii-t   Iihm.  linii 

ciirrii'd  mi  in  a  siiinll  wiiy  liciiiiisf  iiliinit  ilic  yciir  KHii.  tli.iv  wiit  •.'."i  uurk- 
fll;ril.!:('il  ill  till,  iliilllstiy.  liuwt  nf  wliiili  WiTc  liii-atiil  ill  .*»il\ii|iv.  illll]  the  lulill 
[inxliictioii  (if  Ihcsc  \vi)rk.<  wiis  imi  nmri.  tlimi  ."lOii  tmis  nf  I'lilm 


mil  iiiiiiiiii 


llv.  wli 


iiiiistiy  ill  ilif  fnnii  of  ..niiilt.  Tin.  -nuill  whidi  cniitiiiiii.d  ii|i|iin\iiniiti.lv  i;  jut 
<(.nt.  iiihiilt  Uiis  Hilil  ill  Vcniic  in  i:>->ii  m  iilmiit  H!  ci'iifs  a  imiini!.  TIutc  w.t.^ 
il-ii  i    I'fw  iTliiii'iii-.  in  Ifiillmiil  wliirli  >iii>|ilii'il  tlii.  Irish  linrii  liiuli.  aliiu.st  I'litirfU. 


a.-  Well  rt>  11  liii.'c  am 


till,  t 


men  inihisirie-  m  Iniiiie. 


was  ;||,||  1 


iseil  in  liiillm 


111    the  llliinill'aitlire  nf   litmus.      .\    in,;;|ili.Ii.   il  .-irij.tinll    nf   the      ,11'lv    Ilistorv    nf    tl 


lit    iniliistrv   in    SnMinv. 


Is   <nvpii 


hv    Miekle    ill    t!ie    1{ 


Mill.-  (if  Oiitann.  vnl.    .\|.\'.    l!ii:!.  Pt.    11. 


■|iiirt   nf   the  15iire;ni   nf 


ll--?.-.1. 


IQiN 


Th«  I  Mil  wl  CwlMit 


Ml 


Al    |>ri'M'iit    till    i.rniiiir   ihilii>tr\    i.  rnrricil   mi   iliii'llv    in   tlx'    I  iiUkI    >t 


III 


:iii\    II 


<••  iiiiiiii\.    KiMiHf.  iiiiil    Aii-inii-lliiii;.'.ii\.     Ill   <MTiiiiiii\    mill    Aii^ii  i.illiin 

■^IM-'    l'ni|l|l>Mlll'Mt     |m    .■.II.IMM)    |irii|lli'. 

Sniiilt  i.  ii<i'i|  iiiiu  iiiilv  III  ii  li'\\   I  hitiiii'l  Murk-.      It   i<  ii  lili iii|m.iiiii|   \\\,\ 

ii\>i»   it-  ii«|i>iir  til  till'   |M'c-i'iii  !■  Ill    iiiliiilt    -iliiiitf.     A»   l'i<nniiU    |iii|i,iriii    it   m 

l.lillrij     ;i|)|)ITi  iiililr    i|Hiililill<  >    lit     llll|iUI  llii'>.       'I'lli'    iiMilr-    iil'    i.ili^ilt     Mli      |iritV|l 
|.i    •limit     I'lillNr    III     tllii;     |illllt\.     lllllliillllll\,    llllll     liiWiT    rii-l 


Till'     llt'Tllilll'     i»     |i|i|i)|lri|      liv      ililillliu      -i«limit     illTllilti-     III     il 


I  "iilllt      lllll'.lli 


•  lllli 


4 'illlllltlill-    riir'liill.lli-     I-    lilit:IIM'il     lt\     ||l|i|lll;r    <lilh|    III'     iMit 


lit  -lilt.     Til 


|MltM-ll      11.       I 


hltliill     nj      ,1 


II'    rii-i'   I  iiluiii'i  i|    |.ii'i  i|iiiiiti'    ttliii'li    tiniii-    !•   il    liM-ii     i.ii'M'iinli 


III'   riirmiilii   (ill 't ».-(,.( till  I 


Cnlialt   |iliii-|(li;ili'  I-  iiri'|iiir.  il    \<\   iiiMinii   -'"liuiii   |i|iii-|iliiiti'   in  ii   ...lialt   u.  ,tii 
iliitinii.     Till'  |iri'<'i|iitiUi    I-  Miili'i    III  luliiiir  miil  Im-  ih.'   ii.riniil.i   i  ,<  (  I'n,  i 
Till'  iiliiiniiiiiti'   i-  t'ciiiii.'il   \<\   iiililiii::   •imIiiiiii  r.irlpdiint 

llllill.'     Ihlll     llllllll.         Till'     nlllllll      ,11   ll       ;llllll|llllll|||        l|\,||'i.\|i||'.      liiiiv         „.      IU'r.   I|'||;|ti-,| 

'|iiirati'iy   iiiul   nriiTwuriU   iiiinhI.     'I'Ih'   hiimiI    liMlinxiili'-  aii'   Wii-lnil.   iliiiil.  ami 
rati'il  at  a  rnl  lirat.     Tlir  Miii'  rnKalt  ahiiiiiiiati'  wliirii  |iii'iii«  i-  'jiniiiiil  iiihI  iliifil. 


I'  III  a  iiiiMiii'i    III   I  iiii.i 


It 


Till'   ri'lii'.ir    |iriiiliii  I'll    \i\    llii'   aliiiiiiiiali'.    |iliii'-|i|iati'.   m-    ai'><  i 


lali'    lia-    vaiiiiii- 


iiaiiu-.  I'm  i'\am|il<'.  mKali  liliU'.  mlialt  ultraiiiariiii'.  kitiu'-  liiin',  'riii'iianl'.  Iiliii'. 
•  >v  li/.iin-  Mill',  'riii'iiaiil'-  lilii.  I  iii'i'i-|iiiiii|.  III  iiilialt  aliiiiiiiiaii  .  «  m  iiiliiini. 
.•ii'liiii'.  Ill'  llllll'  ii'|i'-ti'.  i-  a  liliir  iiiliiiir  -linHinir  a  •li;:litl\  i;ii'iiii-li  tint.  It 
aiii-  iixiili'  III'  tin  aiiil  -iiiiiiiiiiir-  raliiiiiii  -nl|iliati',     'I'l;  |iri  pari'  >iirli  a  |iii;iiii'iit. 


■Ill 


-Mliiini  -laiinali'  is  aililnl   tu  a 


iiilialt   iiitrati'  Miliitinii 


III'   |ii-i  I  i|iitatr   I-  wa- 


ll   lii'iiti'il.      Aiiotlii'l-   'iii'tliiiil    til    |iri'|iiiri'    Mill'   ii'lf-ii'    i,    tn    ln-al    inlialt    -iil|iliati 


till  iiviili'.  ami   jii'('('i|iitati'i|   -iliia   ur  ilialk. 

Ma/ai-iiii'  llllll'  '  i>  I'liiiiiiimily  i'iii|i|ii\i'il  a-  a  liami  mi  lli,'  i  .l::i'. 
T'l.'  cnlmii-  i-  |i|-i'|iairil  li\  iiii\iii'.:  Iiilialt  iiviili'.  with  tin  nviili'.  -aiiil.  ai 
-lll|iliatr. 


lati-. 


.1    .al. 


\|.«    I 


tun 


!'«•  llllll'  I-  a   iHLiiiiriil    \ar\  mil;    in 

l-l'il       In 


iiir   li'iiin  a    )iali'  uri'iii 
nan  .-I-,    am!    ,  ..n-i-i- 


|mii«i'    llllll'.      It    i-    lari:i'l\ 
lalt   ami   iliriiiiiiiiin   |irii.lii.i'i|    li\    lli.    ailimi  i.f  aim arli. 


iliifnr'iat.  .    Ill' 


Hilt' 


I    riilialt   ami   rlirnniiiiin 


( 'iiiiali  l;iti'1i  m-  li'inn 


nan  11  «  iin  i-ii  i-  Im-ni.  .1  li\  -nli-t  itiil  iiiu  zim  n\iil.    l.ir  ali 


in  riilialt  aliiliiinati-.  L:i\iiii:-  nlialt  /iinati'.  'I'lii-  i'iiiii|iiiiinil  iM.n  al-..  In-  i.in 
■iv  nii\iiii;'  llir  livilrnviili'-  i.r  i\iili'-  ni-  liy  aililini;  -mla  in  a  inliali-zin.-  -nln'  . 
Ill  citlirr  la-r  till'  ii\iili's  11111. 1   III'  lii'aii'il  tn  roriii  tin    /iiir  riiiii{iiiiiiii|.       Tli,-  .Jaii 


Lii'i'ii  inlmii     iiiiitain  tli.'  -ma 
rl.. 


Ili'i'  i|iiantit  ir«  111'  /.in 
ll  al 


\    mivtiirr  nj   .  aliui. 
iriiiiiiali'.  ilirmiiiiini  iahIi'.  ami  aliiiiiiiia  aNn   iii'iuliiii-.  a   iiiri'ii   iii:;iniiit. 


Ciihalt   lirmi/.i'   i-  a   inliali    aniiiimiiiini    {i|in.|i|iaii'  i'i.ni|iiiiii 
.Iniir    with    a    lirmi/i'-likr   niriallii-    liitri'. 

w.    aiiri'iilin,    i-    tin'    iii-i'ri|iitali 


(  iilialt    \i'lln\v.    Imliaii    villi 


itrili'.      ll 


I-    iii'i'iiai'i'i 


I    liv   ailij 


iilihiii;   iiiita— mm   nitn! 


I'   !n  a   riiiia 


liah 


ll    ha-   .1    Mill.  I 


ita--illlll     rnlialll 


111;    amlinii 


'itii    acctii-    ai  ill.      It    i-    a    liiiL;lii    vi'llnw    |ii'i'i-i|iitali'    wliiili    lii'iaii I'    il-    ]imii\ 


■rniiliri'S   an    I'lri'llcllt    mli 


.\ri'lliii.  Cliiv  ami   I'liiti'i.v  In.lii>trii--.  llUt.  |i.   71.  I,l|.|iiai-iilt.   I'liilii  li'l|.|ii 


HurMu  of  MliMM 


No.  4 


tol»«ll  bri.wn  it  foinml  liv  fulcining  «  mixture  of  mntnonium  -ulphite,  cobalt 
lulphatv  Biiil  f)>rruu!«  ^ulphnte. 

Ill  Jio  buriiiiif;  o(»«  ruiioii  of  robalt  toinpj,uii(l>,  it  it  inipurtunt  that  the 
ti'iiifurutiirL'  >hoiil(i  n^.t  be  to-  lii>rh.  a*  a  liiKli  tfiiipcraturi'  product'^  uii^r'i«faitot» 
colour...  Of  the  cobalt  <-oinpoiiii  Ik  tlif  i-ilicaff.  cnrUumtt'  and  pho^phiitu  are  tht 
niOKt   iiii[)orlaiit. 

•  'obttlt  t.xidf,  ii|>  to  ••.:,  jHT  Hilt.,  iit  UH'd  in  prartically  all  ground  enameU 
a»  it  pos!»f»iiie."<  the  profM-rlv  of  caii»iu):  the  enamel  to  adhere  Iwtter  to  !.heet  iroL 
ami  at  the  same  time  miilralizes  aiiv  vellow  colour  due  to  iron  oxide.  Although 
miiiHroiis  iiiventigation-  ha\e  Ueii  undertaken  to  account  for  thin  propi-rty,  ii.. 
(■ati^fai  tory  explanation  hait  yet  Wen  given. 

Hiuc  enanieU  contain  on  an  uMTage  1  per  cent,  of  cobalt,  bin  when  a  dark 
blue  rolour  is  denind.  eolialt  may  Im'  pre«ent  uji  t<>  .3  per  cent. 

Ked  and  pink  cobalt  conip.unds  are  of  Mientific  rather  than  teihni.ul  intcreft. 
If  eol>alt  nrvnate  is  sitrongiy  heated  and  then  ground  it  yields  a  pinkish-retl 
powci  r.  The  precipitate  obtained  from  a  solution  of  a  cobalt  salt  with  sodiun, 
phosphate  is  pink,  ihunging  to  vioh't  wlien  heated.  Cobalt  magnesia  pink  i- 
obtained  from  precipitated  magnefium  carbonate,  mixed  to  a  tiiin  paste  witii 
cobalt   nitrate  solution,  dried,  and  heated   'u  crucibles. 

Sympathetic  inks.-  Many  of  the  salts  (^f  cobalt  are  pink  ami  iidiquescent. 
If  II  weak  aqueous  solution  of  tuie  of  tliem.  such  ns  the  nitrate  or  ddoride.  i- 
used  as  ink.  the  writing  is  practically  invisible,  but  if  the  paper  i>  held  near  the 
fire  tlic  combined  water  is  driven  off  ami  the  writing  becomes  blue  and  visibl.. 
It  will  afterwariN  absorb  water   from  the  atmosphere  and   again   disappear. 

A  few  experiments  have  been  made  to  test  the  at  ion  of  cobalt  nitrate  ,in 
an  addition  agent  in  th.tation  ))ut  it  did  not  .how  any  advantages.' 

Lms  of  Metallic  Cobalt 

Metallic  coiialt  is  used  chiefly  in  tiie  preparation  of  alloys  and  liigh-spec! 
,'illoy  >teeN.  The  colialt-cl.idmium  alloys  are  the  most  important.  These  allov- 
possess  extreme  hardness  and  are  being  used  extensively  to  replace  high-spcerl 
«teels  as  cutting  tools.  The  trade  name  of  the  cobalt  chromium  alloys  is  "stellite." 
Stellite  is  not  n  steel,  and  its  properties  are  altogether  different  from  thos«  oi 
steel.  It  cannot  be  liardciied  or  temper;^!,  nor  does  it  lose  any  of  its  hnrdne-^- 
eveii  when  the  edge  of  the  too]  is  at  a  red  heat.  Tests  have  shown  that  a  stellite 
'!'»•  iL'  tool  permits  more  rapid  cutting  than  when  the  ordinary  high-speed  steel 
1      i-ed. 

Tlie  col)alt-chromium  allov.sare  hard,  but  tlie  hardness  is  increased  by  addition- 
of  tungsten  and  molybdenum.  As  the  hardne>s  increases  the  brittleness  als'^ 
increases.     The  addition  of  iron  softens  the  alloy. 

Stellite  alloys  pos.aess  a  bright  surface,  and  are  very  resistant  to  o.xidation. 
They  remain  unaltered  in  the  atmosphere,  and  are  not  att.icked  by  the  ordinarv 
acids.  The  rolour  of  the  alloys,  wlien  polished,  lies  between  that  of  steel  and 
silver. 


■  Mel«lliirj:i"'«l  miil  riifmiciil  Knciiieeiiiij:.  Vi^l.  .WTIF.  11'IS.  p.  7t>. 
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Th«  I  Mk  of  C(*fe«h 


H7 


.1/.-.  Thi..t.  ar..  aft.r««r.i.  l'i-ii..!  t-  .i  .  utt;i.t  '.Ij..-  .„,  ai,  .  ii,.  r,  „i  .iirl...r.iiMium 
« lij-i'l, 

T»»..  gradr.  ..f  .t.lhi,.  „.„|.  fl, ,  ,,.    „„i,  ,„.,.i,„„,.  i,.,r,i,^„.  „„j  ^,^^.^. 

-rr.iii:th  for  f  nin,;  .tr.l.  urxl  tlir  ..thn-  «ith  ^.r.at.r  Imr.li....  *,„•  l...  .tr.iijjti. 
:nr  «urnin>f  ,..-t  irm,.  Th.  t...,|  ,,...!  t-r  .,.-;  ii-..,,  .„.,i,l..  i,  ,,.,.,.  r  ...houi.t  .: 
«ork  fi>  Iw  acdmpli.li.il.  wh.r.'.i-.  if  <.|«i.,!mu  iit  n  hi-h  .{....,  «  .,,.  -?•  'ij, 
;i-'l  for  .iwIn  the  ..|p    wotil.l   !«■   in  ni..li«i.l\   (Ir.in.wti. 

Knrtli.T  iiif..riuali..ii  ..i,  ;i„..   „ll,.w  «i!l  i..   [..iwul  m  tn.    ...ii..|,  ,.i.  allov-. 

Th.'  ij-i.  o'-  .ti-ilitr  BII..V.  fur  .  uti.  n  h.i-  l*ui  -iiyp.f.!  I,ut  aj.  t.  tijt  prt^tjt. 
r   ha-  not   l..'.ii   u....|    !..r  thi.   fnirii....    a-   :ti-  .l.i.u.n.!   f-r   ;•,.      utt  i,l'   !.■..!    ha- 

■■'I  II     "11    VTfBt. 


hlcctro-pliitinK  with  ...    4lt 

""'"'  '"  ''"    •'"•'••  ■'""   •'•'•  "•' 'i   "•  latii.v.  tt...  ,,u.,t...i.  ..!...»•  .-.« 

•..   Hh.tli.r   ri.l.ult    phiti,.-.    jM......   i.hv    -iii.Mu.i    .,„Hllti.-    r..    i,,.k.l    platili^'v      lis 

'•-l.r  I.,  .|.,i,l,.   ,1m.  .|,|,.ii,.ii   a    iniiiit,.r  ,.!   .A,,..riiii.iit.   «.rr   u.Ki.rtak.'H  at   tli. 

"'' '  "'    >'i"i"i.'-    KiiivMoi,.  I  niunli,.  f,.,-  tl,..   Mi,,..   Brnn.'h  -f  th.    Iv,„.rnn.i.T 

•  •<  Mm.-.  A  r.|.nrt  ..f  thi-  i.,v.-tiL',iti..i,  hn-  i..-.„  ;,.ii.,l.  an.l  i„  .•  ...„.,  ni-r.-.t- 
.111'  .■.,i..Imm..ii,  ar.'  -iv.-h.  T'..-  r.Mili-  ,.•  ih-  w.rk  m-t..  t.-i.-,:  ,„„:  .  ..niinn...!  i.v 
ili-iiiitfu-tiil  fipcrntdr^. 

'I"!i.'  iHlv.iritaj.'.-  .Iniih..l   f..r  ...i-ult   i.iiuin-   niav  1...  mihiiii.!  ./. ,:  ,.-   •■,,ll,.w.:— 

1.  fohiilt  niiiy  U  phif..!  fr..iii  f..iir  t..  •ifi.,.,,  ,i„„.  a-  <iui.  klv  a-  riii,,.!. 

?.  Th'-  (..halt  platinj:  i-  ha'ii.r  than  ili.'  ..r.linar.v   nirkil   [.laJint-. 

:{.  .\lM.ut  otic-f.>urth  th..  w.;i;ht  ..f  .„i.,i!i  a-  ..iii|,Mn-.|  with  -n.K.!  i<  r..|iiir..! 
■■    ilo  th.'  -inn.-  firotff tivf  wcrk. 

t  ..hah   max    \<v  ].\aud  -i;   i.r,|.,.   iron.  -t.-.I.  ,o|.imi.   tin.  i;. -;,...,    -,lv,.,.   ;,i.,l 

.i.'l    I'.ritaiiiiia   nit'ta). 

rh.'  (i.iiii.o-iti:.,'  of  th(       lutici,-  re.  .■iiiiiiin.Jiil  i«  a-  fclioH- : 

Sol  It  i.  Ill    1    Ji.-    <  .•l,,li-aiiii.ii.niuiii-.nlpiiat.'.       (  ..M  t,.(  M|_ ,  xt  i,..;|I  1 1   -vii. 

^:r■.uu-  f..  tiio  litrr     \   v  at.T.  wiinli  >  ;lir  .(jiiival.nt  ol    1  i:.  v'n.iii-   .':   aniivdr'ou' 
■  I'ah-a.  uii..iinini-      pi  ah.   r,.S(  r.,  \  II, ,  _S( »,.    ;.,    th,.    I,.,.,.    ,.•    w„t...      Sr.."  .-.= 

'."•"i.'l  ,  .     I".    C.  ■  ■    r-- 

Sclutu.n  .Mil  H:  (  oi.alt  -iiloiuii..  (  oS<  ^  -  ;;i-,>  ^ram-;  -...niui.  .  hlorUk-. 
.\a<  1— lH.t;  ;:rain>:  borii.-  a.iil— ncariv  t..  -atiir..iii.n -.  water — l.l'Cf'  o.o.  Sp  srr  = 
:.•.'•".  at    !.".('.  '  •      -.•       • 

l-JHih.T  .NiMriiii.iit-  ar.   o.ii,;:  ...ihiiot.Vi  t.'  t.-t  tli.-  vahie  of  .  cnait  phitin;:-. 
Ivowalkf-     ;.'ivfr.     ail     a    ..lint    of    a     :.w    .•xjKTinifni-    maci.      t.     tot     tii., 
-  litahility  of  fohalt  for  u-(    in  thirnio.  ..iipl. -.     IIo  staff*  that  ...halt  should  haxt 
i>   inifxprtant  j.la..'  am.mj:  th.nn..-(l.  )ijciit«  -in.-o  it  .1...-  not   r.f,  oiii.-  i.rittj.-   lik- 
'  ktl.  and   it  drives  a  hi;rli  ol«>  troniotixc  fi.n... 
.•\n  ninalL'ani  r.f  i-oKalt  is  ii>fd  in  d.oti-trv, 


Kiilimis.  Klfit  .-plntiiit  witli  (\,\,i,U  :   Hiillctin   N...  ;;;14,  Dcpartnn  nt  .1   Miii.'v  Ottuwn. 
'■'}'>.     Trims.  .Xni.  Klc.'tr.Hlicinica!  Sooictv.  Vnl.  X.WII.  I!il5.  j,[,.  75.];i(.. 

•(•(.l.«lt  as  an  Kl.nnnr  <'i.r  Tlp.rtiii.'-.iipi)'.  T.ii-]-.  Aimr.  Kl.it iliIkh,    S...      A'.      .X.MX 
'•I...  pp.  r.t!1-56V. 
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A  Froiicli  patiiit  (Nh.  I(jtt.(t'.t;i.  July  'i,  \'*\->>  cdvcrs  tlie  |iiv|>arali(tn  ol 
colmlt  liluiiR'iits  fur  iiuiiiiiU'>ti  nt  fli'(tiic  liiiiip-.  Tlu'  lilaiiiciit  is  iiiiiili'  from  a 
.solution  of  cc'lliilosf  witli  /.iiii-  ililoriilf.  coliult  oxiijc.  und  nuinjxaiicsf  >uljiliati'. 
It  is  iii'aU'(l  to  iiiciiiKlc'siciicc  for  tuciity  hours  ami   tlicn  i-oatt'il   with  larlioii. 
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Ol.l  anil  Xi'W  C'liloars  with  Culialt  iis  their  Miise.  Clieni.  .\h>t.,  \iil.   VII.   IIU:;.  p.  sT*. 
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Cobalt  in  Pottei.v  Deeoration.  Cheni.  Abst..  Vol.   \III.  I'.iU.  p.  7!is. 
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Cobalt  Oxiiles,  Reactions  between  CoO  iiiel  SiiO...  Cheni.  .\bst..  Vol.  I.\.  I!il.-|,  p.  L'sM. 
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id: 


1918 


Binary  Alloys  of  Cobalt 


89 


CHAPTER  V 


BINARY  ALLOYS  OF  COBALT 


Cobalt  and  Aluminium 

The  (Mjuililiriuiii  dia^rrain  of  the  colialt  ahiniiiiiiiiii  iilli.vs'  i<  >li,.wii  in 
Fijnire.    1.       The  liciuidu:,   ctirvc-    ((insists  of    4    liraii<lics.   vi;;. :   AH.    ISC.   (DK. 

and  KF.     The  i>oint>  A  and   F.  >hown  at  (i:>.s  ^   and    1  I'.*,'  ('..  .oin's| d   to  the 

inciting;  iH'iiits  of  aluminium  and  rol)alt  ri'S|M(ii\cly.  The  point  Fat  i:i*">  ('.  mid 
llO.rj    piT   .(lit.   col.alt    is   a   iiiininitiin    iioint.      Allovs   of   i(ini|)o.<ition    r.'|ircscnt.'d 

iiy  points  to  tile  rijiht  of  E  consist   wlicn  solid  of  a  solid  soliiti( f  aluminium 

ill  roiialt.  Tho  point  I)  at  HJ-^H^C  and  (i8.."i  per  ((in.  .-olialt  corresponds  to  the 
iiicltinjj  jioint  and  composition  of  the  compound  CoAI.  At  ('.  11(!."»"('.  and  :ts 
per  cent,  cobalt,  tliere  is  a  n^action  hetwet'ii  the  ('1.1AI  crystals  and  the  liipiid 
i>f  composition  ('  to  form  a  new  comiioiind  ('o.,.Vl.  containing.'  It>..")  jkt  cent, 
colialt.  At  B.  fMO"!'.  and  titi  per  cent,  colialt.  there  is  a  reaction  hetween  the 
previously  formed  ('o_..VI,  crystals  and  tiie  li(|ui(l  of  coiiip(>sition  H  to  form  tli'; 
coiiijiound    ('o.AI,,.   containiiif:   aiiiiroximately    'V-\.'t   per   cent,    cobalt. 

The  alloys  containiiiL'  lietwecn  KKt  and  (i.s.."i  jier  cent,  colialt  are  niaj:netic. 
the  majriieiism  (hcreasini:  rapidly  with   in<reased  aluminium  content. 

Schumeister'  has  studied  tjie  nu'chanieal  and  chemical  properties  of  iiiiiin- 
iiiium  cobalt  alloys  eontainin<:  from  0  to  20  per  cent,  cobalt.  The  tests  >liow  that 
the  alloys  containintr  '■*  to  \-i  per  cent,  cobalt  jiossess  the  ^'reatest  tensile  streiiirth. 
Addition  of  small  <piantities  of  tuii^'steii,  d.S  to  1.2  jter  cent,  raisi^d  the  tensile 
-trciijrth  coll^idel•allly.  while  with  fiirthir  additions  the  streii^'th  is  lowered.  The 
-ubstitution  of  iiiolyl)deiiiini  for  tiitiirsteii  did  mit  show  aiiv  iidviiiita;:e.  The 
aluminium  cobalt  alloys  were  harder,  easier  to  work,  more  sluble  and  durable  in  the 
air    than    pure    aluminium. 

Peltery  obtained  a  patent'  on  the  addition  of  >ilver.  ^'idd.  cobalt,  chroniimii. 
iron,  manj;ane-e.  and  nickel  to  aluminium:  also  the  (leneral  Flectric  Compaiiv. 
IVrlin,  patented  a  lij;ht  bearinjr  metal  containinjr  aluminiiini  with  bad.  tin.  cobalt. 
'  hromium.  iron,  inolybdeiium,  nickel,  and  antimony.' 

The  followinjr  table  jrjves  the  results  obtained  later  by  S.liiiiii,.,st,.i''  fr.,111 
additions  of  cobalt.  0  to  l-»  per  cent.,  on  the  tensile  strength,  elongation,  and 
linrdiK—  of  aliiiniiiiiini.  The  fracture  id"  the  allovs  (•lian;:es  from  a  coarse  to  a 
very  line  ^'laiii  with  increased  proportion  of  eobalt.  The  followin^r  table  shie.vs 
ilir  cITect   of  additions  of  cobalt   to   aluminium. 


'Owyor.  Aliiniiiiiiini  hihI  (•(.bjilt:   Zeits.-hr.  aiioivr.  Cli.-niie,  Vul.  lA'II.   llHis.  pp.   Uii  It7. 
'The  li(iui,ln.  „r   fire/in«   point  lurve  r,.pn.«.nl.«  it,,.  lH.«iiiniii^r  „f  fice/ini;  ,.1    s.,li,liti!-i 
!"jii  of  any  alloy. 

'  Srhiim.'ist.T.   Inve.stij;!,ti.,ii   of  tlir   Merhanical   an,|  ('li..rni,.al    I'k tir^  of   I,i>.|ii    C,,!,.,], 

Aliimiimim  .MIoys:   .MctallurKie.  Vol.  Vlir,  KMI.  pp.  (mOI!.-).!. 
'(Jciniaii  I'litcnl,  No.  '2'MKW').  .Tan.  Kith,  1!M1. 
Miernmn   Patent,  Xo.  2.">7,H(),S.  March  I'nth.  IIO.".. 

vvv'l'-"'',"o,' -'•""'''•    li'^'""''!-'"*'""    "<■    »'i''    'binary    .Xhiniiniuni    Allovs:    i«tahl    an.l    Vi^eu     V,.l 
\.\.\\.  191:).  pp.  s,;i,  ,h74.  ■  ■.tM.     ,iij. 
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Cobalt  Content 


Tensile  strenxth 
IMT  .s<|.  ni.ni. 


KloMKation 
l>er  fent. 


liiirilnexs 


(I.U 
0.(i 
l.« 
2.3 

:j.o 

5.5 
7.5 
!».4 

1(1.0 

12.11 


1(1. 
1(1. 
12 
12 
12. 
!.■>. 
](> 
1(). 
17 
IN 


34 
% 
2* 
25 
21 
IM 
14 
11 
it 
ft 


51 


()l 


Additional  References 

rditcviii.  Aluniiniiini  .Mlovs:   Kcvuc  ili'  .Mctiillurni"'  ( Mrnidiics),  Vul.  V.  llMis,  p.  i;7(. 
Udrncniiinn,  ('oliiilt  ami   .Mnniiiiiiiin  :   Mi'talliiiyio.  Vol.  VII.  liUtl,  fip.  "iT",  ,j7n. 
Kiiisrr,    Mctalluiyic,    Vol.    VUI.    IIHI,    y.    .llMi.      .Viialv.-iis   of    White    liriMi/.c    M'li     til  ;iil, 
Co  50  (id,  Al  10)  ;  p.  ;i05,  Aiialvsi.s  of  .Mctalliiii'  (Cu  :W.  Co'  ."ij,  Al  I'j,  iV  10). 

Cobalt  and  Antimony 

The  i-quilihriuni  iliafinmi'  of  the  colmlt  iiiitinniiiy  iill<iv>  i>  >lii>wii  in  Fiirnri'  'i. 
Hiitli  iiii'tals  ar(>  ."^oliililt'  in  (Hir  iiiiiitlirr  in  the  lii|iiiil  state  luit  uiiiv  tn  a  small 
(■\tfnt  ill  tlif  solid.  M  l(V.i:>  ('.,  colialt  I'ftains  \'i.')  \h-v  icnt.  iiy  \vi'i;:lit  of  antimony 
in  siiliil  .solution;  the  amount,  however,  ileereases  with  the  leiuiiei-ature.  There 
is  no  evidence  of  antiiuony   dissolving;  eolialt    in   the   solid   stale. 

The  adilition  of  antimony  lowers  the  lueltinj:  jioint  of  eolialt.  .\,  until  the 
eutectic  ])oiiit  E  is  reached  at  l(l!i.'!  ('.  and  ;i!t  per  ei'Mt.  antimony.  'I'he  liijuidus 
iurv(>  shows  a  luaximum  ('  at  lliU^C.  and  (>■<  ]ier  eiiit.  antimony.  e(irre>|iondin^' 
to  the  compound  (.'oSii.  \t  81>T..">  I',  there  is  a  reaction  iietwcen  the  separated 
crystals  CoSI)  and  the  licju'd  D  to  form  a  new  compound  F.  The  exact  com- 
position of  the  compound  i  has  not  yet  lieen  dclinilely  deierminc<l.  From  the 
eutectic  point  U.  at  (il.-i'C.  and  W.')  per  cent,  antimony,  tlie  liipiidus  rises  to 
II  at  (i;}U^C.  tlie  nieltin;:  jxiiut  of  antimony. 

The  transformation  temperature  of  cohalt  at  1|.")!>''(',  is  lowered  lo  ".toO'C.  hy 
addition  of  antimony  up  to  \-i.'>  jier  cent.  For  all  alloys  Iietween  l'.'.."i  aiul  (iT 
per  cent.  Sii,  the  transformation  takes  place  at  eonstant   temperature,  vi/..  ".KidC. 
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I,o\vk(iii.ja.  ("()l)alt-Aiitininn.v  Allnvs:  Zoitsclir.  aiini}.'.  Clitiiii'.  Vi''    \AX.  lOMs.  ],|i.  ;Iii."):i1l'. 

Dlli'elliez,    -Mlovs   of   Colmlt    and    Aiitinioiiv  :    Prores    \(  ;\    .ir    la    scx-iete    iles    siiciiccs 

I'livsirjoca  ot  tiaturollos  ile  nonlcaux,  IOCS,  pp.  IS.",  lilO;  I'.ies  hMiO,  pp.  i:'.l  l:;4.  liiilletiii 
Siiciptp  Chiniiipie  de  Franoo,  Vol.  VII,  1010,  .sec.  4.  ji.  SO'J. 

Diicellie/.,  .\ction  of  .\ntinioiiv  Chloride  on  Cohalt  and  its  .\llov.s  with  Antinion.v:  Conipt. 
Kind.,  Vol.  147.  Ijms.  pp.  KH.S-lOoO. 

Durelliez,  Stud.v  of  the  Klectromotivp  Force  of  the  .Mlnys  of  Colmlt  with  Tin.  .\ntinioTi.v, 
'■•i.-nuitli.  Lead,  and C.ppiM  :  Ci.nipl.  Uend.,  liilii,  VipI.  1.50,  pp.  '.i.s  101. 

Kurnakow  and  Podkafm,jpw,  .Tour,  nis.s.  ph.vs.  Cheni.  (Jos.  '.'.S.  I!t0().  p.  4(i.".. 

Ranimelsliorjj,  .\nnalen  der  Ph.vsik  iind  Chemie,  Vol.  ^'2X.  l'»(i6.  ji.  441. 

Hornernann,  Colialt  ami  Antimon.v:  Metallurj;ie.  Vol.  VIII.  IJtll.  |>p.  r)S.'!-fiS4. 


'  Gnertlor,  Mrtallographio.  Vol.  T.  1912,  pp.  7.)4-7.'ifi. 
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Cobalt  and  Arsenic 

Tile  ciiliiilt  ai'M'iiii'  ((iiiilildimii  (liiiiriiini'  i>  ^Imwii  in  piiit  in  Kiv'iiri'  :>. 
'Iwing  to  the  vipliililizatiiin  Ins-  nf  ar-fiiii-  it  liii-  lici'n  iiniiDS-^iM.'  tn  inxolii'iilu 
(omriitrations  v\'   inori'  tlnin   <'.ii   jht  ccmI.  ar-iiiir. 

Celialt  rt'tain^  about  1  Ii>  'i  jht  cent,  ai-inic  in  xiliil  sulutinn.  At  a  tiin- 
iii-raturf  i>r  'J".'0  ('.  mul  a  cDiifrntrntinn  of  ;!ii  |>rr  .-.iit.  nr-cnic  iIumi'  i-  a  (ntniic 
|Miint.  Willi  furtliff  aiiditiiMi:-  el'  ai-M'tiic  \\w  lii|\iiiln-  mrvr  ii-i«  in  -tvcral 
Micci'ssiM'  >ta;:<'s  t(i  a  niasiiiiiiin  at  JH''  ('.  aiul  .".:  |m  r  niil.  ai'-.Mii(  .  'I'liis  nia\i- 
iiniiii  (•(Piicspotuls  to  the  (Miiiipouiul  l'>'\-.  At  tli.'  tcni|iri  .iluiv-  loll  .  !Ml(t  .  ami 
".i;{(»'('.,  ihcrc  arc  llircc  ciianucs  in  tlir  (lii'cciion  ^-f  'An-  li<|niiUi<  iorf(>|ioiiiluij; 
to  tlio  !,f|>arati()n  of  (rr\>tals  IV,  V,  VI,  of  the  toiniiu-itioii  ai'in-.pa.liin;,'  Co.A^,. 
('((.As,  and  ('o,,A>,..  ('oiH-lusive  evid.-iur  of  llic  istiiirc  of  tlir-c  romiumiids 
lias  as  Vet  not  Ix'cii  olitaincii. 

Tlifif  are  also  tlmv  horizontals  in  the  diajirain,  at  !Mii  .  s:]i\  .  and  :!n<>  »'. 
Tlic  horizontal  at  !»ln'  Ijotwirii  crystals  V  and  iJI.  shows  a  .lianvv  in  the  >olid 
state  of  cr\>tals  l\  to  crystal-  VI I  ..d'  similar  co!n|M.>ition.  The  horizontal  a; 
,s:!o  rcachiii'T  hctwccii  crystals  J  and  VI  corresponds  to  .t  dia  ;>;.■  in  the  >olid 
irvstals  \1  to  IX  of  the  >aine  conii>o>ition.  For  coni|io>iti..n-  coiitainin;.' 
laixtnres  of  crystals  V  and  VII  there  appiars  to  he  a  traiiM'ormation  at  ■'•f-*^  . 
lait   po>iti'.c  c\iden(v  of  the  eNa<t   nature  of  tiii-  chanire  is  lacking:. 

Additional  l^eferences 

Fiiediicli,  Ki|uililiriuni  I)iii:;i:iiii  nf  tlie  ('ciliii!l-.\i>ci:ii'  Alliivs:  Mc-tiillinuie.  Vol.  \'.  T,i(i'«, 
Ip.  1.">l>-ir)7. 

The  Freoziiij;  |Miinl  ef  ColijiltNii  kei  Arseiiiilcs:  Metiill  aiiil  Kr/,  Vol.  \,  )'.i\".  \i\i.  li.i'iii,]. 

Dufcllicz,  Ai'tiiMi  Ml'  Aisetili-  ("liloriiie  iiriil  Ars.iiii'  on  rn1i:iit :  <"iiiii|it.  Kcinl.,  Vol.  CXF-VIl, 
lliOS,  \<.  424.  , . 

Action  of  Iloat  on  Mixtures  of  Arsonie  aiid  rol.ult:  I'lCJOt's  vcrbimx  ile  la  socwli'  iles 
sciciucs  ]ili_vsi(|U(  s  et  iiiitiircllcs  ilc  Hdoliiiii.x.  l!to>>.  pp.  .'iT  7'.. 

Coitalt  and  Bismuth 

The  (H|iiilihriiiin  (liaj.'raiii"  of  the  cohalt  hismuth  -ystein  is  -hown  in  Fioiire  1. 
The  metals  are  only  partly  soluhle  in  tlie  ii<|uid  state.  At  l.'iltuC.  the  com cntration 
ef  the  two  layers  is  if*.';  per  cent.  cohaU  and  T.:!  i>er  cent.  Iu>niiith  ;  and  '.i:'. 
per  cent,  hisimith  and  7  per  cent,  colialt.  The  lirst  aildition  of  bi^iniitli  to 
rolialt  lowers  the  nieltiiij:  point  of  the  hitter  !iy  ajiiiroxiinaiely  l»l<)('.  The 
;iddition  of  cohalt  to  hisinnth  lovver>  llie  •neltiiiir  ]>'  of  hi-mu;h  appmviniat-ly 
1(1    to  a  eiitectic  point  at  ITi.T  per  cent. 


Additional  References 

Lewk.iiiia.  C'oI.Mtnisnuitli  Allo.v.^:  Zeltsclir.  aiio-i;.  Clieinic.  A'ol.  MX.  I'.'os.  I'l'.  .11.")  :n'*. 
Duoolliez.    Stiiilv    nf    Elci-tinnintivo    Force    of    CoLiilt  Bismuth    Alloys:      Bulletin    Socii'li' 
'  hiniHiue  cle  Franic'    Vol.  VII,   lutd,  |ip.   I!U>  line, 

Coli-ill-Hisiiuith   Allovs:   liallctiii  Society  Cliinii'iiie  .ie  Fram-e.   Vol.   V.   II'O'.'.   pp.  CI  C,:!. 
Horiieiiiaiiii.  Col-.iU  anil  liismutli:  Metalliiruir,  V.  1    VIII.  lull,  p.  6^s. 


Cueille,-,  M(tallo;;raphie,  Vol.  I,  :012,  pp,  S.i:">:!f.. 
•(iiieitler.  Mi>iiill(ii;haphic,  Vol.  !.  1!'12.  ]<\>.  'M\)^><. 
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Cobalt  and  Boron 

Tliu  i-quilibrium  diagram  of  lolialt  and  liiinih  alluvs  <>i-  iiii\tiirt'<  lia^  not  ut 

lict'ii  publislu'd.     However,  the  i'oiniM>unds  Co^.H  and  Coli^  lia*c  I n  dftt'fli'd. 

Tile  nia<;netic  transforination  of  Co.K  oinirs  ai    1. ">•!('. 

References 

.TiiHHiiiiiii'ix,  Tl  '''iiiiliiiialiiiii  nf  N'irki'l  iiml  Culmlt  with  lloripii:  Ccitniil.  Hrrnl.,  Vol.  rXLV, 
liioT,  pp.  ::40-:;4l. 

A  Htudy  of  tho  MuKnetic  Proportie§  of  Iron,  C'olialt,  Nickel,  ami  Mutikiih.so  with  Horoii. 
Ki'port  of  Ki^hth  IntcrimtiDiml  (.'miyri'MH  of  Appliol  Chemistry,  Vol.  l',  I'.tlL'.  p|i.  Ui3  ITo. 

MoicKiin,  A  Wiidy  of  flu-  Hori.li-s  of  C  olmlt.  Conipt.  RfTid!,  Vol.  CXMI.  Isitti,  pp.  4lM  »:;•!. 

Cobalt  and  Cadmium 

A  few  experiments  on  the  addition  of  t-olialt  to  cadiniiini  were  made  hy 
Ijewkonja.'  In  all  the  tests  a  distinct  eiiti  lie  jioint  was  ohserved  at  .'Jl'l  ('..  t! 
iielow  the  nieltiiifi  point  of  cadiniiini.  None  of  the  alloys  were  inajriietie.  It  is 
evident  tliat  there  must  lie  either  a  ('om|iotind  formed,  or  that  a  solid  solution 
of  cadmium  in  eoliiilt  must  exist,  as  the  tran>iiion  to  n  colialt  \va«  lowereil  to  hclow 
the  room  temperature. 

Additional  Reference 

Oiiertirr,  Mctiillo);rapliie,  Vol.  1,  li'lL',  p.  4^7. 

Cobalt  and  Carbon 

The  ei|uilil)rium  dia^'ram  of  the  colialt  iiirlion  -cries  has  liccn  in\e<tij.'atcd 
hy  Rocckcr.-  atul  later  hy  RiitT  and  Kcili;r. '  The  diiiy^raiii  of  liulf  and  Kcilii: 
is  sliowii    in   Fijjure   '>. 

Both  diajrrams  show  the  existence  of  n  cutectic  at  |."!tlO  ('.  and  "i.S  to  -.'.I 
per  cent.  carlKiti.  .\t  the  cutectic  tcin|pcratnrc  colmlt  retain-  n..s-i  pi'i-  cent, 
mrhon  in  solid  solution,  wiiich  .<cparatcs  as  j:rapiiitc  on  coolin;j,  oidy  ".:>  jicr 
i-eiit.  Iicin;:  retained  at  in(»0°('.  Boecker  did  not  carry  the  ex]ieriments  aho\e 
17iiti°('..  Jit  wliich  tem[)erature  he  found  liu'  maxiinuiii  solnl.ility  id'  carhon  in 
cohalt   to  he  :!.0   per  cent. 

The  in\c>li^'ations  of  l{ulf  and  Kciliir  were  cimductcd  at  teni|)craturc<  up  t" 
■in5°('..  uhicli  is  the  hoilin;:  point  of  the  liipiid  under  ;!i'  m.ui.  |ircssurc.  'I'he 
lioiliiijr  point  of  pure  cohalt  was  found  to  lie  •i:i7.1^('.  under  thc<i'  conilition-.  The 
evistencc  of  a  ci.ihalt  carhide  has  not  yet  been  definitely  |irovcc|. 


Additional  References 

Kcilij;.    The    Coliiilirtirlioii     System     for    TeoipcTatores    nhove     l."iC""r.        DisM'rtiitioii, 
K(iiii«;li('hi'  Tecknische  H(ichseh\ile  in   Dallziy.  KM;'). 
(!uert!er.  MetalloLTaphi.'.  Vol.  'J,  101".,  p.  <!.''.0. 

'  Lewkiiiijii,  r'dliiiltrHilmiiim  .Vlloys:   Zeitsi-lir.  aiior;;.  rheniic.  Vol.  LI.V.  H'OS.  ^,.  :;:ii>. 

'Hoerkir.  Invest idiitiou  of  the  Colialt-CailHiii  System:  Mi'tallmyie.  Vol.  l.\.  l'.il:J. 
|.p.  296-;!(i:!. 

'RiifT  aii.l  Keili;;.  Colialt  and  Carlion:  Zeifschr.  amirtr.  Cheniie.  Vol.  I,.\.\XVIir. 
I!il4,  jip.  41e-4:2;'.. 
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Bur«iu  ot  MliMM 


No.  4 


Cobalt  ami  Chromium 

Till'  i'<|iiiltliriiiiii  iliii^'riiiii  nC  tin-  rolmll  rlirniiiiiiiii  iill<i\.  j.  «)iiimi  in  Vi;:iii'  •!.' 
Itiilli  nictiiU  arc  •nhiltlr  in  one  iiiintlur  in  tlif  li)|uiil  ainl  uUn  in  tln'  xiliil  •intr.  Tin 
lii|uiiliiii  nirvi*  hIiowm  a  niiiiiiniitii  at  a|i|irii\iniali'lv  .Mi  ixr  nni.  lulHilt  uml  t:ti*i  r. 
In  iilldVM  loniainin^'  IhIwiih  I.">  jut  (tiit.  iind  ■'*"i  [mt  iiiil.  i  liP'iniiini  tlurf  I-  ii 
ri'ai'tinii  in  tlii<  >i)liil  i^tiili'  at  a|i|>rii\iniiilrlv  \'i'i't  ('.,  tlir  lioinnp'iii'nii-.  >iilii|  <ii;liiiiiiii 
uIhiM'  that  trin|M-nitiiri>  liri'akin^'  ilnwn  intu  twn  ?>iilii|  i^iilntiiin-'.  Allnv-  uiili 
0  to  -I.*)  |H'r  i'l'iit.  I'lironiiiini  slmw  a  |Mily;.riitiiil  >tni<tiir('  <  oiiiaiiniiu'  inlnilt 
rirli  I'ori'!'.  tilt'  cliriiniiuin  rnntiiii  iiirri'ii'>iii;.'  I'mni  tin'  iintri'  In  iIh'  '>iit<ii|i'.  In 
mII<i,\><  with  nmri'  than  '>'>  \>vr  nnt.  rhroniiiiiii.  the  rlii'<inii".ni  inntiiii  >>t'  Hu'  iiniin- 
ilfcri'iiM's   friiin   the  cent  re   In  tlif  ipiit»i<li'. 

Till'  triiiprratiiri'  at  whuh  tin'  iinniii'.'iK'lir  mliall  i  lin  .iiiiiin  all<>\.  liniinK 
magnetic  ilccrfascH  rapiillv  with  iiirrra-iii;:  ('lin>iniiitn  lontriit.  Tlir  M<liliti<iii  ni' 
111  |M'r  ci-nt.  I'hriiiiiinni  Ikwit?.  the  tran'>l'iiriiiaticin  |ii>iiii  in  ii.s.'i  ;  i.'i  |h'|-  rint. 
to  ;t(i(»° :  whih'  till'  ailililioii  nf  •»'■>  jut  iciit.  li)Wrr«  liic  tran>l'<ii'iiiiitii.in  tn  liclnw 
riMini  ti  niixratiirc. 

Spi'cial  alliiv*  iiiiitaininv'  I'olialt  aiiil  ihrniniiini  an'  kiimvn  a-  "  -iijliic."  Tln' 
wiiril  is  ili-rivi'tl  I'riini  tlir  Latin,  ^tilla.  a  >tar.  ami  \vm>  ihn^in  luinii-'  nf  t|j< 
brilliant  |i<ili>h  iIicm'  all<iv<  take  ainl  ri'taiii  uinli'r  aliiiii^iiliirir  .iinliiiiiii^.  An 
nllny  rontainin^'  TT)  \»-r  cent,  coliall  aini  '.'.*>  per  nut.  ilirKiniuin  i>  lalrlv  t<>iii:li 
ainl  hard,  ainl  may  ln'  fnr^icil.  This  allny  is  viily  slijrlitly  attacktil  '<\  intr.c  aciil. 
anil  is  ri'roinnii'inlcil  fur  nitli'ry.  To  iinrrasc  the  hariliii'ss  ni'  tin'  -ti'lliii'  allo\-. 
\aryin;r  Jinounts  of  I'ithi'r  tiiii;.'st,.ii  or  inolylMlciiiun.  or  lioili.  nr.'  aililnl.  lln 
('hroiniuiii  in  tiu'  alloy  it'inainin;:  alu'Ht  -In  per  cent.  The  adilitinii  oT  ."i  per  irni. 
tun^'sti'ii  jiroduii's  a  distinctly  harder  alloy,  which  for^r,.,  readily.  Willi  l^ 
JKT  cent,  the  metal  may  he  for;.'ed.  and  take*  a  line  ciitliii;:  ednv.  Tiiis  alloy 
is  siiitalile  for  eold-chiscN  and  wood-workiiiir  tool-.  With  I")  ]«-v  cent,  the  niet.d 
may  still  he  forjred,  lint  only  with  jireal  care.  i!<^  it  i>  con>ideralil\  harder  than 
the  10  per  cent.  tunj.'steii  alloy.  With  'i'>  per  cent,  the  alloy  i-  -till  hinder.  It 
may  he  f()rj:cil,  lnit  only  to  a  limited  extent.  Tiii>  alloy  i-  adoptcil  lor  ciittiii;: 
steel  and  other  metals  at  a  moderate  -iiced.  With  "^"i  per  cent,  a  hard  alloy  i- 
ohtaincd  which  cannot  he  forjred.  hut  is  cast  into  hars  which  are  lir.mnd  to  n 
suitahle  form  for  lathe  tools.  These  fools  are  used  to  cut  >teel  and  ca-t  iron. 
and  retain  their  hardness  at  lii^'h  speeds.  When  the  iiiny:>ten  conti'iit  n^adw- 
|ii  per  cent,  the  alloy  still  retains  its  cutting'  <pialitie>.  ami  i>  prcfcrnil  to  the 
'i't  per  cent,  allnv  for  cast  iron.  Further  addition-  of  lunirsteii  proihicc  lirittleness. 
It  is  claimed  these  alloys  possess  an  advanta;re  of  2n  to  1"ii  per  cent,  "mt  hi;;li- 
spced   tool   steels. 

Molyhdcimm  produces  somewhat  the  same  elTect  as  tun<.'>ten.  iinl\  a  -inalhi' 
proportion  is  required.  An  alloy  eontainin;:  in  per  cent,  of  molyhdeniini  make:-  an 
cxccllctit  lathe  tfrol.     Carhoii.  'silicon,  and  Imron  when  pv.seiit   impart  hrittlene-. 


'  Ouortler.    Mctiillofirapliie,   Vel.    .      |ip.     :'..")ii  .".lit.      LenkiniJH,    ('iiIiiiltClLiuTiiiinii    Allnv? 
Zeitschr.  ftiioitj.  Cliemio,  Vol.  LIX,  Itlli  ,  jiji.  .".J:i-.")J7. 


MiMry  Afloya  of  CokiUt 


A     I'i'U     t\|i|i|ll     ilMill\>i     '     uf     •li'lllli      illlii\.    iilr    UI\4M     lii'li'M,     lilll     if     )IMI>t     in 
ri  llli'llllH'rt'tl    lIlHt    fiir   lln'    •llicr-.tul    ll-f  t.f    •tlllltr    illirinilt    ltll>i\«    lllll»t    ln'    ll-nl    fi 
ilit'      lilt   rlil-T.  Ill'   Murk. 
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OliuiliNl   Htl'llitf  lilliiv. 

Ki.il,'i'«  rcinlil*.  Miilttilili*  fur  wuoil  I'litliiij!  tmil.  niul  cutUry. 

Hiiitul>li'   fur  liitlir  IimiId  fur  iMitliri^  iitt't'l  hikI  >'ni<t  ir'>n. 


3  lli^li  >|H'i'il  I'littinu  li"  N. 

Ill  \i'i\   liiinl  tilliiN. 


'itc  llllii\»  II I -I  I  I  iin|;ii'    II  •mil  1 1  !"  r.  ihtilL'"'  "I  iiill"ill. 
'I'lii'  -tflliic  iilliiv-  iiri    iiiviiiil  liv  II   hiiimIh  r  •'(  piiti  ni-.  ihr  iiuiiiliir«  uf  «liiili 

■  lie    vi^'ll     lii'low, 

lliiMir..  r.  S.  1'mI.iii  Nil.  N'.:i.il.">.  I'll-,  i:.  |!in;.  AII.a.  (.iiilnmin;:  |it-i;it 
|i(r  ri'iit.  (liniiMiiiiii.  mill   !tii-|ii   |>rr  eciil.  nilinli. 

I'.  S.  I'liiriit  \ii.  nM.';  Ii'..  It.M.  i:.  |!iiii.  All.i\  .if  ;;ii  mi  |i,r  nut.  i  liri>iuliiiii 
mill   ill-  III  |ii T  cent,  nickel. 

I'.    S.    riit.iit     l.ii:.:.f.';i.    iiiiil    l.ii:i:.N-.'x.    \\<n\  l!>l:!.     'I'll.'    MiMilicii    of 

iiiii;:>ti'ii  mill  iiiiilvlitlriiiiiii  III  ilir  >  iiliiili-i'iiroiiiiinii  iillii\  i<  >|ii'<  iiiiil  in  iIm't 
|in!  'it>   til   |iroili:  ;•  jiri'iittT  iniriliic--  miil    l<iii;rliiic»>. 

I'.  S.  I'lit.Mit  .\ii.  l.i:.0.li;i.  All;.',  i:.  Il»i:i.  .Ml..\  fm-  lo,,!-  ...Mimniiij 
iiji|irii\imaf<'ly  niliiiit  'i'>  \»-r  iciit..  iliriiii.iiiin  •in.  iiihI  irmi  ."i"i.  Mn|\  h|ii  im  niii>  !"■ 
iidilcil  til  viirv  till'  coliPiir.  Mure  ilinniiiiiiii  iiirrfii»r-  tin'  iimiliic«-  ■■•ui\  iniii  ri'inlcr- 
I  III'  iilliix    iiiort'  fu^ilili'.  iiDilli'iiiil)'  ii'iil  MiftiT. 

|{riti>li  I'iit.'iit  -.'.In;.  Aii;.'U>l   1"..  i'.ij:.  (^iinihir  tn  I'.  S.  I'nt.  iit   I. n.".*..  I  ■,':!). 

Itriti'-li  I'liti'iit  No.  |iiii.i:!l.  .Imi.  ■'>.  \'*\i'<.  (  olnilt-riironiiiiiii  iiilov  lontaiii- 
iii^'  ^iitlicit'iit  iron  or  iiickil  to  Miftcii  tlic  nn  tiil.  'I'lii«  iillo\  i-  kimwn  a-  "  fr-tal 
nit'tal.*' 

'raninian.  (Icniiaii  Tatiiit  •.'ln.l'pii.  AiiL'ii-t  I  I.  limn  A  i  oliiiji-i  liidniiiiMi 
allov  for  iiiai-liiiii'  |iai'l».  loniaiiiiny:  ".'n. ■.'■■!  |ii'r  irni,  rliioiiiiiiin  aim  >ii-ll  |i<  r 
ri'iit.  colialt. 

.\llo\-.  of  nickfl  mill  i-opiicr  or  colialt  and  oiu'  of  liir  fdlln'A  iii;.r  nirtal-.  iniiii  \\. 
<  hroiniiiiii.  tiiiiL'>l*'ii,  iiiolvlulciiiini.  vaiiaiiliiin.  aliiiniiiiiiMi  ami  uiaiiiiini  aii-  usi-il 
I'Xtt'nsJM'lv  for  tlicrnio-cjictrii'  ron|ilt'>  iiinl  n'-i-imiii'  I'icniciit^.  'I'ln  -!■  arc  i'o\crc(l 
liv  a  iMiiiil«'r  of  |mtt'nt>  j.'raiili'il  to  Alliirt  L.  Mar>li.  ilu'  ilati  •  ainl  niinili'.'i>  of 
mn-t   i)f   ilii'in   ln'in;;  ;;i\«'n  liclow. 

r.S.  I'aii'iit<  Nos.  ::it.ii|iii.  .lim.  :;.  iiMi.-,:  :m.-.'s,s.  .Imi.  :!i.  |ii'  :i:  •.>l.-.'>:i. 
•  Ian.  :!l.  l!Mi.-.:  :s).->'.mi.  .liui.  ;!1.  IIM).".:  isc....:;.  April  I.  lim.-):  >ll.>:i'.i.  Kc'i.  il. 
i:ii!(i:  ,>-.".:i.,s!i|.  May  II.  limT:  s.'ili.ilns.  .Inly  !i.  I!i(i:  :  ■■•»■.  I. *.>(>.  !».•.  -.'1.  llMi;  : 
iiil.iC.T.  (tit.  1.  I'.ilii. 

Sjiortiv  afti'r  MmslTs  imtcnts  wore  juiblislieil   the  (ieneral    Kleiirii-   ('oni|inny 

:::;inillartliri  i!    :i    >itiii';ii'    alluV.    "  i-alorltr.'"    of    tllr    •■onijiii«it iol;    L'ivrli    !"•!.■«■.       Tlj.' 

\aliilitv  of  MarslTs  patents  has  lieeii  aitirnieil,  ami  at  jireseiit  the   llo-kiii-   Klrif'i- 
'onipany  are  |iro(lnein;:  niekei-cjironiiiini  alloy-  iimler  the  Marsh  patents. 


'  Iliiviie!- 
V'.l.  II.  'lilll 


(    Nicl<('l    iiiiil    Ciiliiilt    will)    Cliriiniiuni:    .liinv.    liiil.   [iint    Kiiy.   Clieiii., 
4(11. 


Bi»WM  oi  IWiw NO"  ^ 

III  till-  |Miti'iit  Mill  tl»'f«'inr  tlw  (iciii'ml  KU'itrJr  »"Iii|miii>  <itii|  IMtnt-t'.  |m»i.iii 
(Br.  |Mit.  'i**'t.  IM!»«>  «»  •iitiHlHtiM;(  till'  Miir»li  |Mitiiii».  It  ii|>|».iir.  tlmi  l'l.i'<t 
fi.uiiil  thiit    flu-  mhlitioii   of  •liromiitiii   t'»  "tlur    iiii'tiil-   imn-axa    tlu-    Imnliit— 

t.,u;,| anil  .I.Tlnriil  r.-i-«tai...'.  Imt  »«»  n»t  »*»rv  ..f  th.-  diirHbility  ..f  tli 

alloy,  wlii.h   hiit.r  |.r..|H.rty  i*  oi f  Hi''  "«'»""   «'l»'ti>l'>tf«-*  "f  iii.k.l-.  Iir.miniin 

alhiV". 

''IV    Priv.r    Harrix   rmnpuMy    iimmifHil»ir.<l    it    in.  k.l-.  Immiiiim    hII«>>    >"« 
tmum  'i'>  |Nr  ..lit.  ir..ii  -iHTlly  uft.-r  th.-  Ji.'ii.Tal  Kl.-itri.-  r..m|..iiiy  iim.lu  ..iloritr. 
.\t  Ih.    pr.-.nt  tmi.'   it    i-  iiii.l.T't.MMl  tliiit   \\i<-   ll.-kin-   Miiiniriirtiinii^  l"iiii'iiii\ 

, tn.i  til.'  Miir-li  [.iit.'iit..  iiii.l  nil  iii.k.'l-.lin.miuiii  allM\.  lUv  ma.l.'  iiihI.t  it  I1..11'. 

fnnii  tlicni 

Til.'  aiiiil.N-i'-  ..r  til.'  Miri..ii.  iii.k.l-i  |ir..iiiiMiii  all..\-  aiv  iri^"'"  I"'!"*. 

\i  (',  V,-  Mil   HiMTifl.' KfulKtan. - 

(•..I...I1..    '"-  I;  }•'  i  J'" 

Topi,..i  "I        1"       :^'         •,  ', 

(•i..u,„..i  A *"       :^"       •■        -;  "'- 

Chn.m.l    It *«•"'  ••''  •;  -  ,.„, 

..1            II'  llll  !•'  ".I  •  '"•' 

(  llliiiiii'l     I ""  '-  -  ' 

With  r.'-anl  tc.  Ih.'  ii«.'  ..f  ni.k.'l-  hp.Miiiiiii  alh..v«.'  it  may  Im'  «tat.'.|  thai 
th.'  a.hliti.iii  ..!'  if.-ii  milk.'-  lli.'  wrkinu  m|  th.'  .ill">-  lau.li  .'a.i.r.  hut  l"«.'i- 
tlu  ri'i-i.-taii.-.'  ..f  th.'  iilh'V  I"  "vi'hitinii.  Th,'  j.'n'..  r.'H.taii.-.'  t..  ..\i.lati..ii  "f  tii. 
iiii'kfl  .hnMiiiiiiii  alloy-  i"  imt  .in.'  t..  th.'  ..h  kd  ..r  ill.-  .  linniiituii  hut  t..  th.'  -.aj. 
f..riM.'.l.  Th.'  a.l.liti..ii  of  ir..ii  al>..  Iow.t-  th.'  r.'-i-taii.v  of  th.'  ^.ah',  .'-p.'.iail.v 
with  t.'iii|i.'iatiir.-  ah..\..  j.l.Vt  I-'.  Th.'  lower  th.'  ir..ii  .•..iil.'iit.  th.'  hiv'h.-r  t.'iii 
pcnitur.'  at  wlii.li  it  i»  p'>->ih'    .      .p.rat.'. 

Ni.hicni.'  '■•i"   i-   iiiaiiiifa.tiir.'.l    t"  .oiiipt't.'  with   .lir.ini.'l   "A."'  hut   .iwiii'.' 

t..  th.'  ir.n;  .■.ait.'iii  .amiot  1 ptTat.'.l  Mi.-.'.'ssfiilly  ahov,.  non'K..  wh.T.'as  .hniiiul 

\  may   h.'   u-.'.l  Mi.r.--fully   at   •.'OiiO°K. 

Chr.im.'l  "C"  was  plac.l  mi  th.'  mark.'t  to  supply  a  .h.'ap  ulloy  that  coiil.! 
h.'  Muc.s.fully  us.'.l  f..r  small  ii.'aliii;;  appaniliis.  .'.v..  cl.'.tri.-  stcv.'S.  in.iis.  .'t.-.. 
wh.T.'  tile  win'  is  cxp.w.l  t.r  th.'  air  an. I  not  allow. '.I  t..  li.'at  ah.iv.'   i:!-"."  F. 

A  r.'p..rt  has  h.'.'ii  mail.'  that  a  ...halt-,  hroinium  all.iy.  iiMhr..iii.'.  may  Ih 
swaL.'l  into  wiri's  whi.li  arc  in  s.nii.'  r.-p.'.t-  siip.'ri..r  t.i  ni.'hmm.'  wir.'s  in  .l.'.'tri. 
h.'ntiiif.'  .'l.in.'iits.  Th.'v  aiv  l.'ss  r.-a.lily  ..\i.li/...l  at  hi-h  t.'iiip"raiur.'s  and  ha\. 
a  hi;;lit'r  m.'ltin^'  point. 

Additional  References 

IlililiHiil.  >;. 'nil'ii"liir.'  i.n.l  l's.■^^  i>f  Allnv  St.'.'ls.  Iliilli'tin  Ino.  l!il.-).  ]..  tin.  Ilin.'iia  .■ 
Minos,  WiistiinKtiin. 

llrtviK'?.  StiUitP,  M.-t.  Chi-m,  Ki.^-..  Vn!.  1".  I'.'l*'.  pp.  ."41-)42. 

irnvn.'s.  T»l.>  I)<'v.'l,ipMi.'iit  i.f  St. 'Hit.'.  lorn  A-c.  V.il.  Vr2.  liU"*.  pp.  '***l!  <<SS. 

(inill.'t  i.ikI  (ioilfiiiiil.  Suni."  Olisci viilidiis  (ni  Sti'llit.-,  Ri'viic  il.'  Mi''liilli!i-;iii'  i  M('iiii>iri'> 
Vol.  !,-«.  l!tl«.  pp.  n:t!l  r.4(i. 

St.'llito,  Caii-iiliiin  Miii'liinoiy.  V.il.  Xl.\.  IIM-*.  |.p.  2ni  2:1.1. 

'  I'livali'  .•iiiiiiiiuiiii'tttic'i'. 
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Figure  7.— Kquilihriiini  Dingram  of  CobiiltCopper  Alloy*. 
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Cobalt  and  Copper 

Till-  f(|iiililiriuiii  iliii^rrain'  of  the  (■((liiilt-<-<)|>|«T  svsti'iii  is  shown  in  Fi;.Mirc  '. 
The  nu'tals  are  c-oiiiidctcly  sohibli-  in  the  liquid  state,  but  form  two  nolid  solu- 
tions in  tilt"  solid.  The  coimlt-rieli  soli<l  solution  contains  from  •>  to  10  jwr  cent, 
of  cviipcr.  and  the  copptT-ricli  solid  solution  i>  to  t  jmt  cent,  of  colialt.  At  11  lO"!'. 
with  mixtures  coiitainini;  hetween  lo  and  !>(>  jut  cent,  copiier.  there  is  a  reaetiori. 
with  the  I'ornuition  of  the  solid  solution  11.  Below  !•.■>.">('.  a  new  solution  IN' 
coiitaininj;.  at  room  tem))erat\ire.  from  !•■">  to  W  per  tent,  of  eoppir.  separates. 
This  solid  solution  is  renuirkahly  ma;;neti/al)le.  Tlu'  teniperalure  of  the  trans- 
formation of  the  li  eolialt  solution  to  the  u  form  is  lowered  with  inerease  of 
copper  from  1\'}U°  to  1(I.">(1°(;.,  when  it  n'nuiins  constant  for  mixtures  hetween 
10  and  'M  per  eent.  eopper.  The  hardness  of  eopper-colialt  alloys  increase^ 
directly  with  the  eolialt.  .Addition  of  eitiier  metal  to  the  other  rapidly  deeren-e> 
the  electrical  conductivity. 

Additional  References 

Kiiii.«t!iiitiniiw,  Allovs  (if  Cohalt  uml  ('(ipiicr:  Kcviic  ilc  M«''tiilliii;;ii'  i  .Mrnioiics  i.  Vol.  I\'. 
1907,  p.  its.".. 

Ducellii'/.,  Stiiilies  nf  tlie  Allovs  iif  Cnliall  sind  ('ci|i|ier:  I'ldi-es  vnlianx  i\r  la  siM'it''li''  ilc- 
soiciiccs  |ili_vsii|U('s  et  iisitiirelles  ile  Hcinleaux,   li'OH  IlMI'.l,  |i|i.  llidlJIi. 

Chemical  Studv  of  Allowi  of  Colmlt  mid  CVipper:  ISullotin  do  Sooiete  ('liimi(|Ue  i]v  FiaiUM'. 
Vol.  Vll,  llllO,  pp.'  1,-)S-I»i0,  MWM'IH. 

Wachlert,  Cobalt-Xickel-Copper  .Mlovs:  Oslcrr.  Zcitschr.  Hit;;,  ii.  Iliitlciiwcsi'ii,  Vul. 
LXII,  litl4,  pp.  Ml.  :!.")7.  .•!74,  .iHU',  40ti. 

(Juertler.  Metnllojjiapliie,  Vol.   I,    IHIJ,  pp.   s.',  S4. 

Rosenlmin,  Electric  Coiiductivilv  of  .\llovs  of  Cobalt  and  Copper.  Iiitrodnrtion  to  I'livsical 
Mptallurny,  t.Ht,  p.   11:;.  "  " 

Kaiser,  Mi'tiilliniiie,  Vol.  S,  lull.  p.  ::imi.  Analysis  of  wliili'  linnizc  ( (""ii  lo  "o,  C.i  ,")(!  (in, 
Al  10),  p.  ,';05.  .Viiulvnii*  of  iuttteUiiM-  <<'u  :;<^  Co  :!:>,'  .M  SH,  To  10). 


Cobalt  and  <]old 

'i"he  cijuiliiirium  diau'vam  of  the  cohalt-^'old  series  is  shown  in  l'"i;:ure  S.' 
The  entectii-  jioiiit  which  is  ;;iven  at  approximately  !to  per  <-ent.  jiold  and  !•!•*  ('..  ii- 
well  as  other  parts  of  the  litpiidus  and  solidus.  have  not  liccn  accurately  deter- 
mined. Ill  the  experiments  with  the  cohall-ricli  alloys  there  was  a  markcil  tendency 
toward  undercoolinjr.  Colialt  retains  approxinialcl;  10  per  cent,  irold  in  solid 
solution,  and  jrold  retains  sevi'ral  jicr  cent,  of  coliaiu  the  solnliiliiy  \aryiiiii-  with 
the  temp<'raluri'.  The  transformation  teniperalure  of  fi  into  u  colialt  liii>  iiol 
heeii  determined  accurately. 


Additional  Reference 

(Juertler.  Melallot;rapliie.  Vol.  1,  1!n:2,  pp.  ri4,'):;ts. 


'  ■Salimeii,    .\llovs    of    Copper    anil    Colialt:     Zeilsclir.    aiiora.    Clieiiiie,    \'i<\.    lAll      I'.Mls. 
pp.  l-!». 

•WhIiI,  ColiiiltCiolil  Allovs:   Zeitsilii.  aiiortf.  Cheniip,  Vol.  I. XVI,  I'.Hii,  pp.  (iO-TJ. 
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Cobalt  and  Iron 

The  wiiiilioriuiii  (liagrain  of  tin-  colmlt-irun  alhivs  is  shown  in  Kij.'iiic  IV.' 
Tln'  iwo  iiR-tals  form  a  coiiijilctc  scrips  of  solid  solutions. 

A  nion;  conipleti'  (liajrniin  lias  ln'i'n  iniblislicd  by  ii'iicr  arnl  Kaiicko.  Jn  llii- 
(liaj,'rani  the  two  metals  form  a  scries  of  solid  solutions  witii  ii  iMiiiimuiii  Ijelwceii 
:{ll  and  K)  j)er  ci'iit.  of  iron  and  at  alpout  HoO^C.  Jiy  tlie  adilitioii  of  coliall 
the  meltin;:  ])oiiit  of  iron  is  lowered.  The  i)raneh  of  the  curve  on  the  iron  side 
id'  the  dia<;ram  shows  a  reaction  hetween  liie  solid  sohition  eontiiinin;:  l.'i.o  jicr 
cent,  of  co'jalt  with  tlie  liquid  containing.'  'i'i  jicr  ctnl.  of  coliall  lo  I'orni  a  solid 
solutii^n  containinj:  ]!»  j)er  cent,  of  <-ol)alt.  The  two  hraiiclies  of  the  iron  curv.' 
then   rise,   intersectinjr  at    l.)"^oX'.,   the   melting'   jKiint    id'   iron. 

Jn  the  same  dia<:ram  thi'  curve  of  niajinctie  iransfornnilion  of  iron  allovs  i^ 
also  t*liown.  The  curve  shows  a  maxinnim  at  •">■>  jici'  cent,  of  iinn  and  'J^^'t  ('.. 
which  com])osition  ai)])roaches  very  cloxly  that  of  the  coin]iipMihl  Fi|('o.  With 
alloys  (•ontainin>r  less  than  S")  per  ccnl.  iron,  the  unniML'iictic  y  iron  chanL'c- 
directly  to  the  <»  nuifriu'tie  form.  With  alloys  containini.'  Wrtwcn  loo  and  >", 
IKT  cent,  of  iron,  the  y  iron  i)as.-es  throu^ih  the  ft  form.  .\  i-urve  slmwing  the 
tr,.iisl'ormation  of  fi     to    a    cohall  is  also  shown. 

An  alloy  of  iron,  nickel,  and  eohalt  with  additions  of  dii ium.  niolvlidciinm. 

tunj.'stcn,  and  other  metals  has  heen  patented  hy  Hordicrs.  (  Kui  n  more  coniplcic 
description  of  this  alloy,  see  under  Cobalt  and  Nickel.) 

Yenseii    has    investijratcd    the    majrnetic    projicrlies    of    the    ii -cobalt   allov. 

KeJ'o,  which  contains  ajiproximaiely  'Ml  per  cent,  of  cobalt.  lie  states  that 
in  this  iron-cobalt  ciunbination.  an  idloy  is  found  that  is  suitable  for  use  in 
places  where  the  ma^Mietie  density  is  very  hij:h.  such  as  armature  teeth  of  dvnanio 
machinery.  While  its  electrical  resistance  is  low.  there  is  reason  to  believe  tlial 
this  may   he   raised    by   the   addition    of   other   alloyinjr   elements. 

Kalmus  undertook  a  series  of  experiments  to  test  whether  the  addition  of 
cobalt  to  sheet  iron  had  any  marked  elfect  mi  corrosion.  The  results  obtained. 
thou<rli  not  coiulusive.  showed  that  cobalt  in  amounts  up  to  :!  per  cent,  had  a 
honefieial  effect. 


Additional  References 

Riior  anil  Kiiiieko,  TIio  IrnnColinlt  S.vstcni:    Ferniin.  Vol.   M.   I!Pl."..  ]i.  .",.;. 

Kuor  anil  Klesper,  Tlie  (tamina-l)i'lta  Trinisfiimiatioii  nf  Tine  lion,  and  tlie  Kffect  ,it' 
Carlion,  Silieon,  Cdhalt,  ami  ("(ipper:   Ferruni.  Viil.  XI.  llll.'',,  jip.  LTiil  2til. 

Gucrtler  ami  Tamman,  Allovs  of  Nickel  ami  Colialt  with  Iron:  Zeitsehr.  anoi-.'aii  riioniie 
Vol.  XLV,  1905,  pp.  20.-)  ;;24. 

Yonsrn.  The  Iron-Cotialt  AHov  F>.("i),  ami  its  itagnolie  I'ropeiiii's :  General  Klei-tiii' 
Review,  Vol.  XVIH.  liil.j.  pp.  SSI  S,S7. 

Mathews,  Metallie  romlnetion  ami  llie  f'onstitntion  of  .\llovs:  Kleetrieal  World  ami 
Eaci'ieer,  Vol.  XL.  V.HV2.  ]>\<.  ,-).''.  1  .->:!,",. 

Weiss,  The  Ma;;netie  I'ropeities  of  the  .XHovs  of  the  FiMio-Ma};netii'  Metals.  TionNiekel. 
Niekeirohalt,  anil  ("olialt-lron :  mention  is  made  of  Fe..ro.  Tiansaelions  Faraday  ."^oeirty. 
Vol.  Vnr,  l!tl2,  [ip.  14!»-1.5{i.     Revne  do  Metalhirgie  (Menioires)  Tome  l.\,  l!il2.  jip.  il?,oll4:;! 

Kalmus,  Magnetie.  Properties  of  Cobalt  and  of  Fe,ro,  Unlletiii  41.'i,  nepartmont  of 
Minos.  Canada,  lOlfi. 

Kalmus  and   Klake,  Colialt   Allo.vs  with   Non-Corrosivo   Properties.   l?iilletin   411,   lOlfi. 

Fuller,  Thermoeleetric  Foree  of  Certain  Iron  Allovs:  .\mer.  Kleetroeliem.  Soe.,  Vol. 
XXVII,  lot,'),  pp.  241-2.51;  Met.  Chem,  Eng.,  Vol.  XTII,  WW.  pp.  .IIS.  ?,10. 

"Ciuertler.  Metallographie,  Vol.  I.  1912,  pp.  7SS1. 
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Ut'i'ki't,  V.  M.,  Miitmfiicliire  \j{  an  iillnv  of  ii|i|iic>.\iniiili'lv  tlir  i'iini|ji>.-iiiMii  yivm  liv 
FfjCo,  cuntaining  2  to  0  per  eoiit.  gilicoii.     Uiiitvd  Sliilcs  I'.iloiit,  Nn.   l.i'lT.Jiii;,   N,,v.  L'lllli, 

iia7. 

ilunilii  and  Takagi,  Ttic  liirvcmiliilitv  of  Nii-ki'l  iiikI  CiAhiU  JStcils,  riiiin.  Al-t..  Vol.  Xl, 
litl7,  i>.  244U. 

Hifect  of  Cobalt  on  Steel 

Owiriir  to  till'  iiniMH-tanrc  of  nickel  sti'ds  iind  Ixinii-i'  df  tli.-  rl..-,  ii--oi  iiilion 
aii<l  .similar  ilicmical  in'ojx'rlics  of  iiicki'l  and  coliait.  nunirnm-  i\iiiTiniiiit>  Innt' 
U't'U  made  to  ascertain  whether  cobalt  jirodiiccd  anv  marked  elTcri  »iiiiihir  to  tiiat 
of  nickel  on  the  jiroperties  (d'  steel. 

From  llii'  lot,;  conducted  so  far  it  has  iieen  shown  that  (cilialt  ha-  a  licnelicial 
( ITuct  on  certain  steels  ami  for  certain  uses,  hut  that  its  lieha\ioiir  i-  \<-r\  dilTcreiit 
from  that  of  nickel. 

Hadlield,'  who  was  ahout  the  lirst  to  investii;ate  the  elTcci  ,,\  the  iiilditioM 
of  cobalt  to  steel,  concluded  that  cobalt  raised  the  ela>tie  limit  and  leii-ih'  -ireii^'th. 
The  amount  of  cobalt  added  varied  from  (1.0  to  (;.il  per  cent.,  and  the  -tcel 
contained  n.dl  to  1.2  per  cent,  -ilieon  and   o.lii  to  .1  I    per  ccin.  -ulpunr. 

(iuillet-  (■(•iiiluctecl  a  series  of  experiment-  by  addinir  cobalt  to  ;i  (l.s  per 
cent,  cariioii  steel,  in  amonnt>  up  to  ;><•  ]ier  cent,  lie  aUo  ])repared  a  fcu  sanqiles 
containing:  ."(O  and  (KJ  oer  cent,  cobalt.  The  tests  sho\wd  that  the  teii-ilc  -trcnLfth 
increa-ed  with  the  i)roportion  of  cobalt,  but  that  if,  -uibliii  r!iaicic  :n  the 
mechaineal   i)ropertie-   occurred. 

Arnold  ami  Head''  investisrated  the  elVeet  of  cobalt  on  -te,.]  mid  condudi'il 
that  the  additions  of  cobalt  increased  the  tensile  stren.Lrth.  Imt  cobalt  did  not 
-how  the  same  tendency  to  |irecipitate  carlion  in  the  I'orm  of  ;:raphiir  a-  ni.kel  cjoc-. 

Althou;:li  eoiialt  steels  ha\e  shown  ;:reater  siri'iiL'ih  than  tl iiliiiai-v  carljoii 

steels,  it  i>  pu>siide  that  this  increased  strenv'th  may  lie  obtaimd  luoic  cheaply 
by  the  addition  of  other  metal>.  Iiiiw(\er,  the  addition  '<(  cobalt  i..  hii;ii--peed 
>teels  appears  to  produce  an  improvement  in  the  ciittiiii:  jiroperl  ii -.  .ind  ron-jclcrabb' 
(luantities  are  iiein<r  useil  at  pre-i  nl  for  this  purpose.  In  -oine  la-c-  it  is  claimed 
the  life  of  lii;;]i-speed   steel-  lontamini;-  coliall.  is   increased   <e\eral    times. 

The  elTeet  of  cobalt  •  '  hieli-speei]  steels  i-  (piite  dilTerent  from  that  of  nickel. 
The  addition  of  between  ."i  and  ^*>  ]ier  cent,  rif  cobalt  to  >Ieel  produces  a  i^ood 
hiirh-speed  steel,  while  the  addition  of  nickel  ha>  an  altoircthei-  dilTerent  elTect, 
sinro  it   produces  a   metal   with  a   soft   ediie. 

The  valuable  properties  impart.  1  bv  addition  of  cobalt  to  stcd  appear  to  ho 
due  to  an  increase  in  tlic  hardness  of  the  steel  when  at  a  reil  lieat.  thereliv 
eiiablin;;-  tlu'  steel  to  out  at  a  hij:lier  si)ced. 

A  number  of  comiiarative  cutting'  tests  lia\f  been  nuide  bv  Schle-inirer.^ 
and  the  rcsidts  show  a  distinct  advantajie  in  favour  of  cobalt  hiirh  speed  steels. 
One  of  the  hi<.di-speeil  cobalt  steels  tested  contained  f  ii.7(;.  .Si  n.^S.  f'n  .">.().  f'r.  l.l. 
\V.  1(1.1.  and  V.  O.tVi  per  cent.  This  analysis  oorres])onds  \crv  elo-elv  with 
!iTi  alloy  steel  called  Rex  AAA. 

'Jlnillield.  Iron  and  Steel   .\lloys:    Iron  and  Steel   .Miiuazini-.  Vol.  \'ll.   liio4.  n.   10. 

'fluillet.  f'llialt  Steels:   Revue  de  Metiilluri;ir  (Memoires),  Vol.  TI.  1!<o.").  ii|i.  .■;4^>-r!4!l. 

'Arnold  an  1  Read.  The  Cliemical  and  Mechanii-al  Relation  of  Iron,  f'olialt  ami  Tarlion: 
Knginoerint:.  Vi  1.  XCVTII.  tOl,').  pp.  .^4<•>•.^4S,  .■!(!;.•  nr.4. 

'  Scldesinjie  ■,  The  Tni|proveniont  of  Gerninn  Steel  Works  liv  the  production  of  Ui;;h- 
Speed  Steel  Alloy<:  Staid  iind  Kisen,  Vol.  X.XXIFT,  1!0:'.,  pp.  H2!t  !t:i!1. 
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IScck.T'  luis  (il.taiiifd  ii  |mt.'iit  spocifviii).'  tlif  list-  i.f  colmlt  in  lii^:li-s| 1  to..) 

stti  Is.  Thf  triHiitiii),'  of  this  patent  wiw  opimseil  liy  a  larjrf  iiuiiiImt  of  Kuropvaii 
inaiiuriictiinM-.  liut  tlie  lU'cisioii-  was  frivfii  in  favour  of  Bfckt-r. 

A  later  report'  states  that  the  patent  -.'ranted  to  Heeker  lias  hec-n  revoked  h\ 
a  deci.-ioii  of  a  British  Court. 

Uarwiii  and  Milner*  (laiin  to  have  di-eovered  a  eohalt-ehrouiium  steel  etpial 
to  tlie  heeker  iridiuni-eohalt-tuiiffsten  steel.  One  advantagi'  of  tiio  new  jiroiluet  i- 
that  it  may  lie  hardened  at  a  temperature  :{im)'L\  below  tliat  re<iuired  for  tli.' 
tun^rsten  steel. 

Additional  References 

Jlil.liiinl,  Mnmifiu'turc  unci  I'ses  c,f  Alloy  Hteols:  bulletin  ind,  !!i|,-.,  |..  <i0,  Iliiiriiu  c.f 
Mines,  Wnshiiifjtoii. 

Chroniiiim  Nickel,  ami  rolmlt  in  I'ij  Inm:   fn.n  .\(ie,  Vol.  L\.\.\.  1! p.  4»h. 

Vhstrnit  of  SiOilesinniT's  tests  on  Cohiilt  HtvA:   Iron  A^'e,  Vol.  XCII,  li'i:'..  \<.  '■'•'■'•■ 
LimlslHTiv,  lliKhSpee.l  Tool  Htecl:    Iron  Ajje.  Vol.  XCVI,   l!>l.->.  |i|i.  L':!S-241. 
(Jerniiiu  HiKiiH|>ee(l  Steel;    Iron  A«e,  Vol.  XrVIII.  1!M»),  p.   1111. 
Krowne,  Metiils  lind  Allovs  in  the  Steel  Industry:   Vol.  XCVI  I,   ll'lt!,  p.  7(i. 

Cobalt  and  Lead 

The  e(|uiiihriiim  diafiiMtn  of  the  eohalt-lend  series  is  sh.iwn  in  Ki^'iire  '.». 
The  soluhility  of  the  two  metals  in  the  liquid  s..i  .•  is  very  small. 

The  transformation  line  of  .  ohalt  was  not  diierinined.  hut  on  aiiount  of  lie 
small  soluliililv  of  lead  it  must  lie  pradiially  at  1159°C. 


.  Additional  References 


vkonin,  foliiilt-Lond  Allovs:  /eit.sclir.  unorj.'.  Clieniie,  Vol.  MX.  IIMIH.  jip.  ril:!  :!1.'>. 
celliez,  Stiulv  of  the  Alloys  of  Colmlt  anil  Lend:    RuUetin  Societe  CliiniKiue,  Vol.  111. 


Lewi 

Dupcl 
1908.  pp.  fi21-<!22.  ,      „      ,  ,  ,     ,     c     ■-••    1 

Chemical   Study  of  the  Alloys  of  Cobalt  and  Load:  ^Proofs   verlmux  de   la   Socipto  do 
sciences  phvsiiiuos  et  naturelles  do  Hordeaiix.  IJtOS,  pp.  .iin^.  .,  .^„.    . 

A  Study  of  the  Electromotive  Force  of  Cobalt-Lead  Alloys:    Bulletin  Soci^te  niiniKiuc. 
Vol.  VII.  liiin.  pp.  201-2(1:]. 

Bornemann.  Cobalt  an.l  Lead:   Metallnr-ie.  Vol.  VIII.  IHll.  ]>] "1  •.•>2. 


Cobalt  and  MaKnesium 

Yerv  few  experiments  have  heeii  made  to  ]>repare  eohalt-ina^niesium  alloy-. 
Tarkiu-ou''  attempted  to  prejiare  a  mixture  or  alloy  of  these  metals  liy  addiiii; 
mairnesinni  to  molti'ii  rohalt.  However,  he  ol.tained  only  small  amounts  of 
masnesiiini  in  the  solid  alloy.  Tlie  experiments  were  not  earried  far  enoii,i.di 
to  warrant  iinv  conclusions. 


No.    2S1,.".S(!.    Aiij;.    inth.    1912.      Manufacture    of    lliuh-Specd    Colmlt 
RtPRiTshsis    of    a    Hieh-Speed    C(d)alt    Steel    is   j;iven    as   C    (1.7.   Cr   .'>. 


"  Oerinau    I'atent, 

Steels.      An    approximate ' 

W  IS.  V  1.  Mo  0.75  an<l  Co  Id  per  cent.  .  .  ,  , 

Ignited  States  Paletit.  N...    1  .O*! .2<!:'.,  IVcember  !>th.  lOin.      Al-'o  a  Briti*h   patent. 

=  Ii<.ii  A^.'.  Vol.  XCIII.  li'U.  p.  4.-):!. 

'Iron  Akc.  Vol.  101.  1!MS,  p.  .•;21. 

Min'wi.    imd  Milner.  Cobaltehiome  Tool  St.'el,  Knumeennj;,  \  <>\.  ('I\,   llHi. 

'({uerller.  Metnlloeiaptiie.  Vol.  I.   1012.  ]>.  .")'*2. 

•Guertler,  Me(Mllo«rnpliie.  V(d.  1.   1012.  p.  41.). 
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Cobalt  and  Manffanew 

TIk'  f<|iiilil)riuni  (liiifinmi  d'  tlu'  (■(>lialt-iimii<:iuicM'  .^I'lii-*  is  slniwii  in  l'"i).'iiru 
10.'  A  iiiiiiiiiiuni  exists  al  aiipriiximatclv  oti  |>cr  cfiit.  citbalt  and  lllo  ('.  The 
hUdvs  in  s..liilifyin>,'  exhibit  a  strong-  tt-niU'iii-v  ttiward  uniifrcH.linjr.  Alloys  with 
nuiiv  than  ID  per  I'fnt.  cohalt  an-  not  hi>nii>j:i'iu'i>us,  hut  hcconif  niiiri-  nearly  so 
by  uniicalinf;  al  1"HI()"(;.  for  .">  hours.  Tiiosc  alloy-  conlaiiiin^'  more  than  lo  per 
cent,  colmlt  were  nia^Lrnetie,  the  niajinetisni  risin;,'  rajiidly  with  inerea>ed  eoliall 
content.  In  the  ori^'iiial  artiele  llie^'e  >hows  the  nieltinj:  points  n|'  lohali  mid 
maniranese  at  l.")V.">  and  r.'."in  (  .  n  s;!,>(ti\ely.  .Vs  thi>  teniiieratiiie  for  cobalt 
is  about  •.'.■•  ('.  higher  tiian  that  used  in  the  other  dia;rranis.  in  reproducinj;  the 
colialt-inan;.'ane>e  dia^rrani  all   Ilie;.'e"s  leniperatun  -  lia\e  been   reduced  by  •»'.">  . 

lluiitin;;lon-    stales    the    adilition    of     nianj:ani>e    to  cobalt     rei'  '  cobalt 

malleable. 

Additional  KeferenceK 

Airiviinl,  Allo.vs  of  MioiHuiiesi-  willi  Nicl<el,  Cdliiilt,  iiml  Nuiiiiiliiiiii:  I'nici's  veiliau.x 
(le  lii  Societe  (les  sciciiceji  phvsiiiiK's  el  iiatarcllcs  ile  ISnrileuiix  ( Meiiioiies  i,  l!»U5-I!'0l>, 
pp.   1(»5  114.  15J154. 

(inciiler,  Melallu;;niplMe.  Vol.  1.   It'l:.',  p.  <t(l. 

CliiTtter,  Tlii'  MiiniU'tiziiliilit.v  nf  tlic  Alliiv.i  of  llie  Feiii)M»ynctic'  Metjils,  /I'itsctir. 
ph.vsikal.  Clieiiiie,  V.)l.  <!."),  IlMis,  pji.  7:!-8;i. 

Cobalt  and  /Molybdenum 

The  e(|uilibriuni  diairram  of  the  c<;.ralt  imdybdenuni  alloys  is  -liown  in  Fijrure 
II.'  <»win^'  to  the  dilliculty  of  oblaiiiinjr  iioinov'i'ii'ous  li(|uid  melt>  at  iSOn  ('.. 
allovs  with  more  than  <>."i  ]ier  cent,  molybdenum  have  not  been  prepareil.  A 
eutectic  of  a  Cobalt  solid  solution  and  the  compound  MoCo  occurs  at  1:!:5")-C'.,  and 
.'>;  per  cent,  molybdenum.  At  the  eutectic  tcmjierature  cobalt  retains  "iS  per  cent, 
molybdenum  in  s(did  solution.  At  rt88°C.,  the  compound  MoCo  (iVi  per  rent. 
Mo)    is  formed  by  a  reaction. 

Allovs  eontaininj:  up  to  do  jier  cent,  molybdeiuim  are  nia,i:netic,  hut  tho-e 
containiiij?  between  .")0  ami  00  ])er  I'cnt.  are  very  fceWy  so. 

Additional  Reference 

(iueitler,  Mctalliiyiiipliie,  V(.l.   I,  liM2,  pp.  r.TSnTO. 


Cobalt-Nickel  Alloys 

The  ecpiilibrium  diajrram  of  the  cobalt-nickel  alloys  is  shown  in  Fi^rure  13.^ 
The  licpiidus  mid  solidus  lie  practically  in  a  straijrht  line  between  the  meltin;; 
points  of  the  pure  metals.  The  transrormation  temperatures  of  pure  nickel  and 
colialt   occur  at  about  3?n°C..  and  1150T.  respectively. 

'M'lcpo.    AUnvs    nf    Man^rniiesr    with   robalt :    Zcitsohr.    loioiir.    rheiiiii'.    Vol.    LXXXIII 

101."?.  pp.  2r,:^-2r,r,'. 

'Huntington,  ^f(>talllITgv  of  Nickel  nn.l  Colmlt.  .Tonr.  Soc.  of  flii'in.  Iml..  A'ol.  T.  1^*-, 
p.  2.-)S. 

'K.TVfU  nnd  Taniman.  Molvlnleninnrobalt  Allovs:  Zcitsclir.  annr;:.  rheniio,  A'cl. 
T.XXXIir.  lOia.  pp.  24fi-2")2. 

♦r.uertlrr.  Metiillocrapliie.  A'-il.  T.  1012.  p.  SI. 
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Tlif  linriliios  of  the  cDlHilt-iiiik*-!  ttllii}>  rfnmiii*  iiriiciinillv  ...n-iiint  iinlil 
C.ti  |i(r  ifiit.  fulittlt  i'  riatln'<l.  wlit'ii  tin-  lianliio!'  imn-uM'*  rtipiillv  witli  iiHnii-.cl 
jxTfi'iitiijft.'  of  folialt. 

I'crtaiii  alloyn  of  c  l.al'  mhI  nickel  an-  only  i-li^'litly  attaiktij  li\  m  itl..  ami 
a  niinilMT  of  pateiilK  have  Sf.-n  urantfd  for  aeitl-n'ciiitant  ivl)alt-ni<  k«l  ulloy*  with 
till'  uililition  of  a  tliiril  or  fourth  mi'tnl   for  iiTtain  othir  iirojii'rtii-. 

The    lirMt    patent'    was   ^ra'  '  >c»ithfr.>i   for   an   alloy   of    liiuli   cjieniiiiil 

n-sistancc,  loniliincd  with  >:<-"'tl  iial  pr<>|Hrtif       It  containcl  apiiroxiniattlx 

<■>:.. "i  |iiT  irnt.  iiiikfl.  :i(i  (lironiiuni.  ami  "i.A  silviT.  Tlii'  •ulditi'in  nf  sihvr  i- 
>aiil  to  iniiirove  the  niccl.anieal  |)ro|(ertie>.  I^iiter-  <o|i|ier  was  siili-tmiieij  lor 
tlio  silver. 

The  next  [latent'  was  for  an  aeiil  resistant  ami  niccliiiniially  wcirkahli' 
niekel-colialt-silver  alloy,  the  proportions  hein};  W.:>:  tii»:  li.."i  ri'spf.tiv.ly.  Ii  wn- 
foiiiitl  later*  that  tin-  nickel  in  the  lirst  patent  in.iy  he  rephiccil  liy  an  cipiiil 
aniiiunt  of  cohalt.  and  tlie  silver  wholly  or  partly  iiy  copper.  Siili-.Kinenlly,  the 
siher  and  oojtper  nientioiieil  in  the  previous  jiatcnt  were  replaced  !iy  nicilyhdeiunn. 

A  later  patent''  >:ranfed  for  chcniically  resistant  and  inechanicidly  workahlc 
allovs  specitled  the  sulistitntion  of  ;rolil.  metals  id'  the  |datimini  irp-tip.  ..r  tiin^'sicn. 
for  the  niolyhdenuni  in  the  first  mentioned  jiatent. 

Another  patent"  was  ".'ranted  wherehy  \ip  to  !Mi  per  cent.  i<i  tile  nickel  in 
tilt'  previous  jiatents  may  he  replaced  hy  iron.  This  was  fcillnwccl  Ky  a  |iatciit" 
coverin<r  the  alloys  of  iron,  nickel,  and  i-oimlt  and  their  alloys  wiiii  oiie  aiiotlici. 
with  additions  of  chromium  lietwcen  '^'>  and  ;!•">  p<r  cent,  and  helow  ."t  per  cciil. 
of  one  OP  more  of  the  followin;.'  metals:  inolylulenuin.  tun;:sten.  platinuin.  iridium, 
osmium.  j)a1laclinni.  rhodium,  ruthenium,  tin.  silver,  and  copper. 

Cobalt-Nickel-Copper  Alloys 

An  extensive  investijiation  of  the  cc(iialt-nickel-co|)per  alloys   w.i-  nnclfrtakeii 

hv  Waehlert."      From   the  tests  he  eoncludecl   that  the  addition   of   ciiIimIi    tu  copper 

nickel  allov-i  .shows  an  jmiirovemeiit  in  the  tensile  streiifith,  hardnes-.  and  workin:; 
properties.  The  ternary  alloys  were  ipiitc  resistant  to  sul])huric-  acid  ("io  (h  r 
cent,  or  more)  hut  were  attacked  more  vij.'orously  hy  nitric'  acid.  The  j^reatc-t 
hardness  of  the  series  of  alloys  occurs  when  the  cohalt  and  nickel  are  in  approxi- 
mately ecpial  proportions.  The  colour  cd"  the  alloys  chan^'es  fnun  ccijipi'r-red  id 
white  with   TiO  per  cent,  of  conihined  cohalt  ami   nickel. 

Additional  References 

Gucrtler  and  Taniiiian,  Allcivs  of  Colialt  and  Nickel:  ZcitscOir.  niioij:.  Chi'iiiie,  Vul.  M,ll. 
1004.  pp.  35;!-.'!();!. 

Weiss,  The  MBgnetio  rinportirs  of  the  Allovs  of  the  Foiio-Mat;netic  Metals.  IiDnNickcl, 
Nickel-Coliall,  roLalllron:  Tiaiisactioiis  FuneluV  Society.  Vol.  VIH.  liUJ,  jip.  ]4<i-15li. 

'Oormnii  Pnleiit,  Xo.  i.-io.iilit.  .luiii-  IMsf.  li»lL',  W.  I?ciic1icts  ami  K.  HokIic'v. 

'German  Patent.  Xo.  2,'57.:!SO,  Aujiast  2(llli.  I!'li2.  Gelir.  Honlieis. 

'German  Patent.  Xo.  2ol>.12.'!,  Jane  21st.  1!ll2,  (ielir.  Hercliers. 

'Oi-rniai!  Palc-tit.  Xn.  2.'i«i,"t;i .  Aumi?t  'JOtli.  ICl'-',  W,  P-orclier-  nn.l  K.   Punlirrs. 

'German  I'atent,  Xo.  2fi5,n7fi  and  Xo.  2<i5,.!2H.  Feb.  Iltli.  191;'..  \V.  rton-liers  ami 
R.  Horchers. 

"German  Patent,  Xo.  2fiS,i')16.  Jane  12tli.  li'l.l.  W.  Honlieis  and  R.  Bonhc-is, 

'British  Patent.  Xc>.  |S,212.  .Vngiist  11th,  U»1.'l.  \V.  Tiorchers  and  R.  Horcheis. 

'Waehlerf.  C'olialtXiekcdropper  .\lloys:  Dsterr.  Zeitschv.  Hery.  u.  liiittciiwestni.  Vol 
LXIT.  ]Stl4,  pp.  .■!41,  .".til,  :■.:"),  and  ;Ht2-40fi.' 
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KiM-r  Hh.l  KitH)>k».  The  MekrI Colmlt  Hvntom:  M<>talluri(l«*,  Vol.  IX,  IttU',  |i|t.  tlU41J. 

■  II,  Vol.  X,  iiu;!. 

i>p.  ;!S7  :!*iii 


Thi>  M| itii-  Kfxiiititm-e  anil  lUrilnfu  nf  Nlek<>l'CulMtlt   Allovn;    >Vrrum, 


WiMim  Htiil  ItliK-h,  MBK*<''ti*'>>  "'  N><'ki*l  uiiil  Colialt  anil  thv  Allu.vi  of  Nlrkcl  ami  rnlmlt : 
Cunipt.  Kiriil..  Vol.  VLIU,  lUll,  pp.  (Ml  »43. 

Colwlt  and  PtiocphoriM 

The  e<|iiililiriuiii  diiiKmiu  <>f  the  <'i)hHlt-pliiw|ilioru.«  alltiV'*  up  tn  ?<).»  jmt  nrit. 
|ilio«|)hiiru»,  \*  ^ihiiwii  in  Fi^iiri'  1'..'  The  lulilitiim  of  ithiH|ihiiriis  low-.*  tin 
iiK'ltinjr  jioiiit  of  colmlt  to  II  ciittTtic  jxiint  iit  Ifi'i'i  ('.  ami  1 1.">  per  ctiit.  nhosphoni'. 
From  the  ciittitic  point  the  curvo  rincn  rapiilly  to  a  mii\iiniirn  at  lilHd'i'..  tin' 
nicltinjr  jwint  of  the  rom{Miuiiil  Cojl'.  I)ilVniilty  was  txiMTiinrid  in  pnparinu 
iiiixtiiri'.i  ciiMtaiiiiiij;  hi^thcr  conit'nti'atioiiK  of  jihosplionis. 

.\t  !)''<)  ('.  tilt'  si'parHti'il  instills  iif  Co.!'  iiihIit^o  a  tratixforination,  forming' 
(itluT  crv^tals  of  .similar  ioinpoi»itioii. 

Additional  Reference 

(iuiTtlii-.  Mi'tiilliittrnphii'.  Vol.  I.  I'.'lL'.  pp.  hhh  SIM). 

Cobalt  and  Selenium 

Till'  ti|uililpi'ium  (lia}.'ram  of  the  (oliall-si'li'iiiiiin  alloy-  liii-  not  yi't  Imtm 
invest ijiatcil.  Partial  iiivi'stipitions  sceni  to  indicult'  tin-  rormiition  of  tin-  loni- 
pounds  CoSf  and  ('o,Sc,.= 


Colmlt  and  Silicon 

'I'lii-  i'i|uilil)riiiin  ilia).'ram  of  tin-  rohalt-silicon  alloys  is  shown  in  Fif.'iire  1.1. 
Till'  I'lii'M'  «liow-  two  Milid  solutions,  four  riitiH'tii'  points,  and  live  i'onipoiinds:  oiir 
of  the  ((iinpiiiiii'ls,  nii'iitioiH'd  a>;ain  iu'low.  'pvin;;  fnrnit'd  hy  a  ri'action  in  tlu'  so  d 
state,  iind  aiiniliiT  liv  a  reaetioii  lietweeii  :-i'imniled  crystals  iind  liipiid.  Coiiali 
retains  ',.'i  \u-r  (eiit.  siliion  in  solid  solution  at  l'.Ji>l°('..  while  silicon  retain- 
appriiviinati'ly  !•  per  leiil.  colialt  in  solid  solution  at   iilmut   TMO'C. 

The  eiiticiic  |K>iiit  II  lies  at  T^Oj  ('.  and  l.">  ]ier  cent,  silicon.  Further 
addition-  <>(  -iliioii  (nii-e  the  nieltin^r  point  curve  to  rise  to  ('  iit  l'.i..">  per  cent, 
silico.;  and  i:i'ii  ('..  enrrespondinjr  to  the  compound  Co. .Si.  With  further  additions 
of  silicon  tile  ini'ltiiiLr  point  curve  is  lowered  to  the  eulectic  jioint  l>  at  l?l!l'(". 
and  'I't.'i  per  iciii.  silicon.  Helow  12l!t°('.  a  chancre  occur-  in  the  eiitcctic.  a- 
shown  by  tlie  line  c  d  c.  with  the  formation  of  a  new  compoiiiid  Co.Si.,.  Further 
addition-  of  -ilicoii  cause  iinother  rise  in  the  meltinj.'  ()oinI  curve  to  K.  at  approxi 
nuitclv  i:>!i."i  ('..  and  .'!■.'..">  per  cent,  silicon,  correspond  in;.'  to  the  compound  CoSi. 
A  lowerinjr  of  the  curve  occurs  a>;ain  with  increased  silicon.  At  F  a  reaction 
Occurs  lietween  the  ci<ni|iound  CoSi  and  li(|uid  F  to  form  a  new  coni;iound  CoSi. 
the  eonipositioii  of  which  is  very  near  that  of  F.  From  F  the  curve  drops  to  \h< 
euteetic  point  (i  at  l"ii;!°('..  and  approximately  iH  per  cent,  silicon.  .\;:ain  then 
i-  a   ri-e  in   liic   ni.tiiii'i-poiiii   ruive  to   If.  at    r'.lOT.  and   •">!•   per  cent,  siliioi;. 

'  Xenii'/.n/iiv  ami  Sriiepelew,  I'lmspliiiius  ('iiin|iiiiiiiils  cif  Colialt:  Zeitsclii.  iiniiru.  Chi'iiih 
Vol.  LXIV.  IIMIH.  ],|,.  '2l-)-2->7. 

Miu.'itlci-,  Mi'tiillounipliio.  Vol.  1,  I'.Ml',  p.  ICil. 

'Li'wkoiiiti.  rolialt-Silii'on  .Mlovs:  Zeitsclir.  siiioiu.  Clii'inli'.  V.il.  I.IX.  1!HI<<,  ]>p.  :'.17-.''.:i- 
Revue  lie  Me'tiilliirKie,  Vol.  >*.  l!IO!t."  p.  '.t.-i4. 
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(>urn>i>|Hiiiilint(  to  llu'  <'(iinpou<>il  I'oMi,.  Tliu  vntw  tln-ii  fulU  to  tin-  lUtirtii'  .1 
at  l'^:t*t  ('.,  iiiiil  t'ti  |ifr  cviit.  nilii'on.  From  J  tlu>  iiicltiiiK-|Miiiit  lurvu  t\f*  t<> 
K  At  IISS^C,  the  nifltiiiK  |)«iiiit  uf  niliiiiti. 


I 


AtfdItloMi  RctarvnvM 

L(>lx<au,  SnirlilM  of  CuUlt:  Annates  ilo  Chlmle  et  de  I'hjiUiuc,  I'arii,  Vol.  XXVII,  Mr.  7. 
lW)ii,  |>|>.  J7I>.''7. 

<'iini)iinatiiini>  of  Hilirnn  with  ColiHlt  hihI  n  iii'w  Ktlldilr  ot  tliix  .Mi'tnl:  ('i>iii|il,  Ki'ixl  . 
Vol,  ('WW,  11MI2,  |)|..  473  477. 

Vii{niiriiiix,  Actiiiii  uf  Chloride  of  Hili<-on  on  ColiNlt:  ('»m|it.  KoikI,,  Vol.  C'XI.II,  il*iir>. 
pp.  «.I,'i  •1.17. 

Hcrkilt,  y.  M.,  Allov  contHiiiinu  Ir'Mi.  rulmii,  hikI  Wilic.in.  rnil.'.l  Stiit.-ii  I'atiiit,  N.. 
1,2I7,1.'IHI,  Nciv.  20th,  1917. 

ColMlt  •nd  Silver 

Till-  ri>lmlt-«il\cr  ulli>.\>  Iihm-  Imm'm  iiiM'»li;.'iili'il  liy  IVlniikii.'  \\\\«  t'lHiii.! 
that  toltiilt   unit  jtilviT  uro  praitiiullv   iii-niiililf   in   viw  unollur  iit    tiiii|NTiitnir. 

ll|>    t.(    ItllMI    ('. 

AddltltHial  KrfentnccK 

Diifpllifi',  A  Study  of  the  Alloys  of  Colmlt  ami  Hilvcr:  Miillftin  8.Mi#t«  Chimit|uc  ilo 
Frmi.i',  v.. I.  VII.  nun",  pp.  .lim  .-.ii7.  ' 

\  Stii.ly  «if  tin-  .\lloyn  uf  Cilmlt  Hiid  Hilvi'r:  I'liM'rn  vcrliiuix  <h'  In  Siwit^ti''  i\vn  iiciriin  - 
phvsicnHs  It  iiiitiiri'lli'K  ili>  UiiriliMiiix.   I'.m'.i  tlMlt,  pp.   Ill  •<<. 

Oili'ltlrr.  .MrtiilloKniphii'.  Vul.   I.  liHJ.  p.   lOll. 

Cobalt  and  Sulphur 

Tlic  ii|iiililiriuni  i1iii;;rnin  of  tlic  coliiilt-Milplmr  alloys  fmni  ••  (<>  '\'>  [mt  rent. 
»ul|ihiir.  i>  «liowii  ill  Fi^'iirc  Hi.-  Tlu'  mldilion  of  ■iiiliilnir  to  roltull  lowcr«  lli. 
nicltiii;.'  I'oint  from  HKO  ''.  (•  the  fiti-rtir  at  «7!t'('.  ami  TM.I  |i.t  ii'iit.  coiiai;. 
This  |wrifiita^'('  forri-spoiKls  clo^i-ly  to  that  of  ihi'  forniiila  *'o,;S_.,  luit  ili"  .iiiviii' 
is  not  a  iipinpotiml.  The  ciirvi'  rises  with  further  aihlitions  of  sulphur  to  !t:(.">  t  . 
and  Tt>.*  per  eent.  cohalt.  .\t  this  temperature  the  rompoiiiul  ('o,S,  forms,  aii'l 
from  ""t.T  to  *:l.l  |K'r  cent.  eol)alt.  a  solid  solution.  \'.  of  ('o,S,  with  cohalt  i'\isi-. 
The  lii|iiidus  eur\e  rises  tliially  to  a  ina\imuiii  of  ll.'in^  and  tlM  per  cent,  eohali. 
])rohalily  apiiroaehin;.'  tlie  eompoiiiid  CoS. 

The  formation  of  the  lotnpound  t'o,S.,  lias  not  yet  iieeii  (inally  aeeepted. 
Ho\ve\er.  tiiere  is  exideiiee  of  a  t raii^formatioii  oeiurrinj:  in  the  solid  solutin'i 
V  nt  s:[ii    and  :!Mi  C. 


Cobalt  and  Thallium 

Till'  ei|uilihriuin  dia^'ram  for  the  eolialt-thalliuin  alloys  is  -liowii  in  l''i;.'iir' 
IT.^  The  metals  are  only  partly  soliihle  in  one  another  in  the  liipiid  .-tali 
Thallinm   dissolves   "i-H  per  cent,  eolmlt.  the   m.'ltiii}.'  lioiiit   therehy   heiiij;   lower,. 


'  I'lliiiikn.    Allnvs    iif    .Hilvi'i     Willi    Iniii.    Nii-krl.    ionl    Colialt:    Zritsrhr.    ninni;.    Cliiiin 
Viil.  I.I  1 1.  l!"i:.  pp.  LM:.'  L'l.-i. 

Mliintler.    MetHlli>iirii)>liii'.    Viil.    1.    pp.    "M'.IS-'.     H'U'.       Kiieilrirli.    DliiKiitni    iil     (  iil.ii! 
SulpliiM-  Alli.vs:   Metiillni^ii'.  Vol.  V.  lims.  .  ,,.  jfJ-'JI.'). 

'  Kewkniiiii.      Ciiliiill-TliiiIliuiM      Allnvs:      Zeitsi-hf.      !ilii)ii;.      Clieinii',      \h1.      MX.      1!" 
pp    .■lls"l!i.     (iiieitliM.  Mitiilli.-iiipliie.  Vi.l     1.  l!»f.'.  pp.  .')»*n-.-)S^. 
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(;'(.'.  Alloys  with  10  piT  CTiit.  lulmlt  .-Ih>\v  two  liivii>.  Tlic  iiuiliiii.'  point  o| 
tlialliuin  lies  very  near  the  meltiiif;  point  of  loUilt.  TniiisliPiniatioii  lines  aic 
siiowii  (.lotted  in  tlie  diagram  at  '-.'It;-  and  'i'il'i. 

Cobalt  and  Tin 

The  ('(iMililiriiirn  diajrrani  of  the  lotwlt-tin  aljovs  is  «lio\vii  ii;  Kijrnrc  1>.' 
The  two  metals  are  sohihle  in  each  other  in  the  li(|iiid  .-tatc.  hut  onlv  to  a  small 
extent  in  the  solid,  cohalt  retaininjr  2  per  cent,  tin  at  lltM  ('.  The  addition  of 
tin  to  cobalt  lowers  the  melting  point  of  cohalt  fvoiii  1  \'.>-i  to  the  cutcctii'  jioinl 
at  IKirc.  and  35  per  cent.  tin.  With  further  additions  of  tin.  the  licpiidu- 
rises  to  a  maximum  at  116(l°C'.  ami  '•()  i>er  cent.  tin.  which  corn-iionds  to  th' 
eonipoiiinl  Co.Sn.  The  curve  falls  with  further  additions  of  tin  to  'X'tS  {'.,  when' 
a  reaction  occurs  between  tlw  previously  scjiaratcd  compound  Co^Sn  and  th( 
li(|uid,  containing  85  per  cent,  tin,  to  form  a  new  c(im))ound  CoSn.  M  5".'()  ('.. 
the  compound  CoSn  undergoes  a  transformation  to  form  a  new  cry>lal  of  similar 
eoiii])ositi()n.  At  22!'  ('.  the  cuti'ctic  of  CoSn  and  tin  occur-.  Tin  inulergoe- 
ihe  usual  transfornnition  at  I'il     ami   l.s  ('. 

Ducellicz-  asiserts  that  the  e<impo\iml  ("o.Sn  of  Lewkoiija  i-  Co  Sn„  an^l 
has   supported  his   assertion    by   numerou-   cvpcriments. 

An  investigation  of  the  cITi  it  of  additions  of  cobalt  on  the  nieebanical  and 
chemieal  i)roperlics  of  tin  and  bmn/.e  has  heiii  undertaken  by  l>a  ih.'  lie 
found  that  adding  U]>  to  ](•  per  cent,  of  cubalt  to  tin  produced  an  imiease  in 
strength  and  an  improvi'meiit  in  the  working  (pialitie-.  With  lit  tci  -iO  per  ccii!. 
cobalt  the  alloy  was  a  little  brittle,  about  as  hard  as  copper,  and  gray  in  colour. 
With  20  to  :!0  ]ier  cent,  cobalt,  the  alloy  bad  a  >mooih,  bright.  i.da— y  fracture 
and  was  verv  hard  and  brittle.  With  |0  to  50  per  ci^nt.  cobalt  the  liardness  and 
briltleness  increased,  ami  the  alh  ys  broke  into  a  numlier  of  pieei  >  when  loolinL' 
in  the  moidds.  The  alloy  with  to  j.er  cent,  cobalt  showed  a  eoniiioidal  fraetur.  . 
while  that  with  50  per  cent,  showcil  a  very  enar-e  cry-ialliiie  -trnenire.  The 
nlloys  with  mor<>  than  (iO  jier  cent,  cobalt  .-hoW( d  a  tiner  grained,  deii-er  -truetun  . 
These  alloys  were  very  hanl   and  capable  of  taking  a  gond   pdli-b. 

The  alliivs  with  20  to  ."lU  per  ceiil.  cobalt  wen'  oidy  -litihtly  attacked  li\ 
Till  per  ceid.  nitric  acid  in  live  minutes.  Midybdi  num  added  td  the  5(1  per  eeiit. 
alloy-  did  not  show  any  advantage   in   the  chemical   tests. 

.\  few  experiments  were  made  by  Barth  hi  invcstigati'  the  etreci  of  cobal: 
on  the  mechaniial  properties  of  Itronze.  but  sulli.iciit  tests  were  not  made  te 
draw  any  dellnitc  conclusions. 

lirowm'  made  a  few  tests  m  determin(>  the  cfTcci  uf  enlialt  (o  in  0.5  per 
cent.)  on  an  alloy  of  the  following  composition:  f'n  ,^^.  Sn  10.  and  /.n  2.  Th. 
re-ults.   while   encouraging,   were   not    conclusive. 


■(ilielllel.    Metilllc-nipllie.    V(.l.    I,    I'.H-'.    pp.   ImO  (i.-.4. 

-■  rhii-ellie/..  Stuilies  (if  tlie  .\llci\>  of  Ciiliiitl  liml  Tin:  TniciV  verbaiix  ile  l;i  snni'te  .li - 
sciences  iilivsli|iies  et  naturelles  ile  i<.irileau.\.  IHOT.  pp.  r)l-r>,-..  itTlUu.  nr>-ll!i;  Conipt.  Ren.l 
A'ol.  rXLIV,  ]i)07,  pp.  14;!l.'U:tt:  Ciinu.t.  Kenil..  Vni.  145.  i!Mi7.  pp.  4.''.1.  r,C\2.  A  Hir.il.v  ..: 
the  Klcotromotivc  Fen'o  of  Colmlt-Tin  Alloys:  nuUotin  Societe  riiimiiiup  ilo  Franco,  Vol.  MI. 
If'lO,  pp.  20.5-2n(i. 

'Unrtli.    .Mlovs    of    Increiiseil    riiciniciil    Resistance    nml    ("iml    Mediaiilciil    I'niporties 
Mrtallurt;io,  Vol.  I.X.  V.m.  pp.  2f.l-27n. 

•HrowiT.  Some   Recent   .\ppliciitii.:s  of   M.'tallic  r,,l,i,lt :    Trans.  Amer.  Inst,   of   Metal> 
Vol.  VIIT,  11I14,  ]ij..  fit-fiT. 
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Additional  Keferences 

Lewkonja,  Cobalt-Tin  Allovs:  Zoitsohr.  anorg.  Chrniic,  Vol.  MX,  I'-Kis.  pp.  i".i4.:;(l4. 
Zemc/.uzny  and  Bcljnsky,  Cobalt-Tin  Alloys:   Idem.  pp.  304-.'570. 
Horiu-maiin,  Cobalt  and  Tin:  MotallurKie,  Vol.  VIII,  l!tl1,  pip.  liUlJUL'. 
KiiiMiT,  Aiialynis  of  a  Tin  Alloy  (8n  :i7,  Ni  2<!,  Hi  M,  Co  11):  Idi'rii,  p.  :;o;. 

Cobalt  and  Tungrsten 

Tlie  oquililirium  (liajiram  of  tlie  colmlt  tiiiij.'stcii  alloys  lia-  imt  \rt  Ipch 
roinplcti'iy  iiivcstipited.  Ilowevcr,  from  tiic  various  tests  tliat  liavc  l)».fn  niadi-. 
it  a|)iK'ars  that  cohalt  and  tuntrsti'ii  form  a  (•omj>k't('  serifs  of  solid  solutions. 

Reference 

Cuiertlcr,  >retnll(i;{rniiliie,  Vol.  I,  1912.  p.  li^S. 

Colmlt  and  Zinc 

The  e<|uililirium  diajiram  of  the  cohalt-zine  alloys  to  18  per  cent,  zinc  i- 
slioMn  in  P'ijrnre  1!).'  The  addition  of  a  small  proiMirtioM  ("..")  per  cut.)  ii 
eoliall  lowers  the  meltin;:  point  of  zinc  to  41  IC.  .">"  hdow  the  nieltini:  i)i>iiil. 
Further  additions  cause  a  rise  in  the  liquidus.  hut  melts  enntaininu  more  than 
liS  per  cent,  zinc  could  not  he  nuide  heeausc  of  the  volatilization  of  ihc  zinc.  Tlic 
curve  even  to  IM  j)er  cent,  zinc  has  not  heen  com)>letely  determined.  On  conliiiL: 
alloys  tietweeii  0..")  and  11^  per  cent,  zinc,  a  soliil  solutimi  \aryini:  iii  eiiiii|iositlon 
from  18.1  to  l.'J.l  per  cent,  zinc  separates.  Mdts  with  more  than  1".'  per  cent. 
zinc  -howed   many  rounded   holes  due  to  liulililes  of  zinc  vapour. 

The  alloys  from  0  to   IS.l   per  cent,  cohalt    were   not    mairnetic. 

Browne-  nunle  a  few  experiments  with  the  addition  of  nj,  prr  cent,  cohiill 
to  nnini:ancse  hronze  and  hrass  containing'  8(1  jier  cent,  copper  and  ".'o  per  cei  '. 
zinc  Sullicient  tests  were  n..t  madi'  to  warrant  any  deiinite  statement  as  to  tin 
advanlap-   of   cohalt. 

Additional  References 

Lewkonjii,  CobiiltZiiic  Alloys:   Zelt.eclo-.  Jiiiorj.'.  Clieniie.  Vol.  LIX,  ll'Os,  pp.  :;i!i-:',:!2. 

Uiici'Uit'z,  Alloys  of  Cobalt  and  Zinc:  ISidletin  Soeieto  Cliimiiiue  do  Fiiiiifc,  Vol.  IX. 
I'.tll,  pp.  1017  UC':!". 

Chcniic'iil  Study  of  tlie  Cobnlt-Ziiic  .MIoys:  I'roces  veibiiiix  di'  la  socit'le  dis  sciciirt- 
|diysi(|ues  et  natiireilcs  do  Hordeau.x.  llMiii-HMo.  pp.  102  107. 

Klectidiiiotive   Koice  of  CobaltZiiic  Alloys:    Idem.  lllOO-lillO.  pp.  10'*-10<I. 

I'lcpaiation  and  l*ropoiti«'s  of  the  Compound  CoZii,:   Iitciu,  pp.  llKi  111. 

Cobalt  and  Zirconium 

A  patent''  has  hcen  granted  ti>  II.  .'^.  ('ooi)er  coverinj:  the  preparation  of  in 
alloy  of  cohalt  and  nickel  with  zirconium.  The  inventor  claims  thai  nickel  ? 
cohalt  are  hardened  hy  additions  of  zirconium,  and  that  the  alloy  so  ohtained  i- 
resistant  to  acids  and  alkalies,  and  possesses  hi;:h  electrical  resistance.  The  molting: 
point  of  nickel  aiul  cohalt  is  lowered  hy  additions  of  zirconium,  hut  the  allov- 
cannot  he   forfred.  drawn,  or  rolled. 

Miuertler,  Cobalt  and  Zini-.  Mi'tallotjrapliio:  Vol.  1.  liMi,  pp.  444,  44."). 

'Browne.  Home  Rerent  Applications  of  Metallic  C(dmlt.  Trans.  Amer.  Inst  of  Mctal- 
Vol.  VIII,  ltt14,  pp.  r.l-fi7. 

"I'nited  States  Patent.  Xo.  l,22I,7r><t,  April  Srd.  1017.  Knc  Miu.  Jour..  Vol.  10,j,  101- 
r.  .1,^-,. 
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Ternary  Alloys  of  Cobalt 

Very  lilllf  has  Urn  ,\unv  in  the  siiciililic  iiixcti^ati.m  of  ili,.  iciiian  alloys 
of  colialt.  .■xc.'i.t  ill  ii  iVw  special  casts  wln.ii  aiv  ini'iitioiic.l  iiiostlv  iuhLt  ;1io 
binary  alloys.  M(.>t  iiiv,.>tipition>  ,<{  tli..  tcinary  alloys  lia\c  luvn  i|.,iir  nmiiilv 
with  the  ol.j.vt  of  linilini:  soni.'  alloy  valiiahlc  iiMliistrially.  .laiickc'  jia«  nia,rc 
an  uttfni|it  to  .hosify  the  ternary  allovs  of  the  iiietaU.  (  li.  A-.  Aii.  Cr.  .Mn.  Fe. 
Co,  M.  IM.  and  i't.  hut  the  elas>ili,atioii  r.ml.l  not  be  earrn.j  lo"  a  eonrlnHoii" 
because  all   the  iiinary   (lia;,'raiii^   iiave   not   been   eoniiiletelv  (leteniiiiie.l. 

Kij.'lit  j:idii|(s  aiv  proiKised  li\  .laiieeke.  \iz..  those  in  whiiii 

('()     Ka.il  of  the  binary  sy>telii,.  possesses  eoni|.lete  iniseibility  in  llie  ^oli.j  Mate. 

{h)   One  of  the  binaries  forms  a  eutectie  or  a  transition  point. 

((•)    One  of  the  binary  >ystenis  po>,e.<es  a  liinite.i  niiscihility  in  the  li.|„i,|  -tate. 

((/)  One  of  the  two  I  •nary  systein>  po>se-,-es  a  limited  liilMil,ilily  in  the 
liquid  state,  and   the  oiln'r  a  eiiteeiie  or   transition   point. 

(e)  Two  of  the  binaries  possess  eutectie  or  transition  points,  or  one  a 
eutectie  and    the  other  a  transition   jioint. 

(/)   Two  of  the  binary  sy  tenis  po-ses«  limited  misiibiliiy  in  the  Inpiid  Mali'. 

(.'/)  Of  the  three  biliary  >ystein>  one  possesses  a  limiteil  mi-eibilii v  in  tn> 
Ii(|uid  state,  ami  both  the  oti.,.,--  has,,  either  ,.,itectie>  or  a  entecie  and  a  tiai.Mtioi, 
point. 

(/')  Of  the  tiiree  binary  sy>ieni-..  one  possesses  a  eutectie  and  two  a  limit. •([ 
miseibiliiy  in  the  liquid  state. 


Oroup  A 

The  ternaries  of  tills  group  may  be  Mibdivided  into  four  group-  according  as 
tlie  system  shows  (1)  no  niinimum.  {■>)  one  minimum.  (.'{)  two  minima  or 
(1)  three  minima.  The  CoXiFe  and  CoFeCr  >yst,.ins  belong  to  tli,.  subdivisions 
;{  and   1  respectively.     The  dilTereiit  binary  sy>t.Mns  are  brielK   sninniari/.d  ImIow. 


Ternary   f'oXiFe. 
Co-\i.  no  minimum. 
Co-T-V  minimum  (a)=  l-IOOT 
(oOp.e.L'o). 


Ternary   CoFeCr. 
Co-Cr  minimum  (c)  l;{|ii C.  (  litp.e.Co). 
(.'o-Fe  minimum  (d)  loUO  C.  (5<ip.c.l'o). 

.\i-l-eminiim.m  (b)  licrc.  (TO,- ..\i).  Cr-Fe  minimum  (e)  1140^  C.  (HOp.c.Fe,. 

The   systems   CoXiF^-   may  irpresentod   diasramaticallv   as   in    fi.rure   20 

wliile  that  of  foFeCr  by  figure  VI.  '  '  -      -       - 


Qroup  B 

The  ternaries  of  tliis  group  are  divided  into  two  groups  b,  and  b,-  b  in 
which  one  of  the  binaries  shows  a  eutectie,  and  b.,  where  one  of  the  "binaries 
-bows  a  transition  point.  To  b,  belongs  the  system  CrXifo.  and  fi<-ure  22  repre- 
sents it  diajiramatically.  In  the  CrXiCo  system  .Tanecke  gives  n  -ntertir  for 
the  CrXi   Itinarv  system. 


■Janocko,  Ttip  Tprnnty   .MIdvs  of  tlie  Metiils.  Tii    Air     \ii    f'r    Mn    Fn    To    Vi    i«i         » 
I't.  Motnilurgio,  Vol.  VII,  lOin,  pp.  .-jtOSL':!.  '         '        '     "'  ^'-  '  ''•  ""'' 

•Th..  totters  a,  h.  <•.  etc..  rrfor  to  the  points  on  the  teinary  .liHurnins. 
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System  CrXiCo. 

Cr-Xi  iiiiiiiimuii  (f)1300°('.  (43p.c.Ni). 
Cr-Coniininuim  (jr)  i:Uii  =  ('.  (lOp.c.Co). 
Ni-Co  no  minimum. 

Tiio  -y>teMi  t-'oCuXi  hoionjrs  umlcr  li.  wIiIl-U  is  rcprt'soiitiMl  l)v  figure  'i'.\. 

System  CoC'uNi. 

Co-Cu  transition  point  (h)  11  li)°r.     (Ofip.c.Cu). 
Co-Xi   no  minimum. 
Cu-Xi  no  minimum. 


il/ 


J 
FIb.  24 


'7 


Co  Cr 


fe  Fe 

Fix.  2.'>  FU.  2f> 

Type  Diuanims  of  suuie  Ternary  CuIkiII  .\lloys 


Qroup  C 

No  >ystcm  of  tills  i;roU|)   is  i<no\'ii   in  wliich  all  three  hiniiry   mixture-   lia\' 
het  n    inve-tii:i\tc'l. 

Group  O 

In   (Jroup   D  is  given  those  systems   in   which   there   is  in  ono  of  the  hinarv 
systems  a  miseiliility  gap  in  the  solid  state,  ami  in  one  of  the  others  there  oecui- 
a  gaj)  in  t'e  liquid  state.     This  group  is  subdivided  aecording  as  to  whether  ther- 
is  a  euteetir   (d|)  or  a  transition  ])oint   (d.,)    in  one  of  the  binary  systems.     Tb 
system  .\g('o.\u  belongs  to  d,  while  CuCrCo  belongs  to  d.. 


System   AgCoAu. 
Ag-f'o  two  liquids. 
Ag-.\ti  no  minimum. 
Co-Au  euteetio  OOTT.      (Oflp.e.Aul 


System   CuCrCo. 
Cu-Cr  two  liquids. 
Cu-Co  transition  point, 
Cr-Comininuini  i:SH)°('.     (49p.c.Co). 
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Qroup  B 

Group  K  consists  of  tlioM-  systtins  in  wiiitli  two  of  thu  l)inarit>  kIiow  a 
miscibility  ;:ap  in  the  <>oii(l  jtato.  Tlurt-  arc  three  suhdivisions  of  tlii.s  j;rouf> 
aecordin;,'  a-  then-  arc  two  cutt-itio  (c,);  two  transition  IM.int^  («■,):  or  a 
eutectif  and  a  transition  jKiint  (r, ).  To  »•,  belongs  CoNiAii,  to  v.,,  CoFeC.'u, 
and  to  ej,  CoFeAu  and  AuCuCy. 

System  C'oXiAu.  System  CoFeCu.                    Sy.-tem  AuCuCo. 

(figure  24).  (ligure  2'<). 

Co-Ni   no  minimum.  Co-Fc       niininium       (n)  Au-t'u    niiniiiiuin    f<hrC. 

Co-Au  eutectic  (j)  D'J7°C.  I5(M.  ('.     ("jOp.c.Co).               (liop.c.rii). 

(90p.c.Au).  Co-Cu      transition      point  Au-Co     eutoctiu     !»'J7°C. 

Ni-Au  euti'ctie  (iv)  1)50°C.  (1)    1 1 10  ('.  (<t(ip.f.('u  ).          (IMip.i.Aii ). 

(STp.i'.Xi  I.  Fe-('u      transition      jxiiiit  Cu-Co     transition      point 

(m)  intiiC.  (iCp.c.Cii).         1110  C.      (iiCp.c.Cu). 

System  CoFcAn. 
(tiiiiirc  -in). 

Co-Fc  minimum  (ip|    iriiMiC,     ( .Mip.c.di). 

("o-Aii  cutcitic  (p)  :i!>V  ('.     ('.Mip.,-.Au). 

Fc-Au  tran>ition  jKiint  (q)   llfJ.s  ('.     (firip.c.Aii ). 

Qroup  F 

In  this  <;roup  t".)  of  the  binaiy  i\tiiirs  show  a  scpiirMtion  into  two 
liquid?,  and  ii  transition  takes  ;i]aee  in  thi  ternary  system.  >o  tliat  tlnre  is  not 
only  a  irap  in  the  so. id  state  liut  al-o  on(>  in  the  liquid  state.  The  mixtnie^- 
Xi('o.\ir.  CoF'c.Vg,  and  Cof'rAg  belong  to  tins  group. 


System  NiCoAg. 
Ni-Co  no  minimum. 
Xi-Ag  two  liquids. 
Co-Ag  two  liquids. 


System  CoFcAg.  System  <'o(  rAg. 

To-Fe  minimum  1.')0frr.  Co-Cr  minimum   13-.niT. 

C'o-.\g  two  liquid-.  f'o-.\g  two  !i(|uids. 

F"e-.\g  iwy  liquids.  fr-.\g  two  lii)uid-. 


Ornup  n 

Of  the  three  binary  systems  one  possesses  a  limited  miseihility  in  thi'  liquid 
state,  and  lioth  the  others  have  eitlier  etiteeties  or  a  eutertic  and  a  transition 
point.  The  ternary  mixture  of  t!iis  group  inav  he  reprpseuted  liv  A^'Coru, 
figure  27. 

System   .VgCofu. 
(figure   2'i). 

Ag-Co  two  liquids. 

Ag-f'u  eutoetic  fr)  T^S'C.      C^Sp.c.Cu). 

Co-f'u  transition  point  (s)   IIIOT.     (Ofip.c.f'u). 
9  B.>r.  (Ill) 
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Qroup  H 

The  liinary  systems  of  iiroup  H  are  tlie  reverse  of  those  of  CJ.  Theit-  is  one 
euteetic,  and  two  form  two  liquid  lajers  in  the  liinary  system.  No  cobalt  alloys 
are  ".'iveii  at   j)resent  under  this  headinj;. 

In  addition  to  the  precedin;;  suniniMry  iiy  Janecke,  otlier  investigators  have 
made  e.\i)erinients  dealing;  witii  ternary  alloys  of  cnlialt.  especially  as  rejjard^ 
their  cheinical  and  niechanical  proptTtii's.  A  list  of  these  is  jiiven  Itelov*-  and  a 
summary  of  tlie  i)roperties  of  the  \arioiis  terniiries  appears  under  the  description 
of  the  binary  alloys.  In  order  to  enable  ready  reference  to  the  ditTerent  binaries 
for  the  summary  of  tiie  terTiaries.  the  metals  are  arianj,'ed  in  the  followin;;  list 
so  that  by  ri'ferrin;.'  to  the  binar\  alloy  ol'  (iibalt  with  the  metal  meiitioneil  .■■eeonil. 
a  description  of  the  ternary  will  be  found  along  with  the  refercn<es  to  origin  '. 
articles. 

Cobalt-chromium-tung-ten. 

Cobalt-chromium-molybdenum. 

("obalt-copper-aluminium    (white  bronze). 

Cobalt-copper-aluminium-iron   (metalline). 

Cohalt-iron-carhon.     Scf  I'lTect  of  cobalt  on  steel. 

r()balt-nickel-silver. 

Cobnlt-niekel-chromiuni  and  other  m<'tals. 

f"ol)alt-nickel-copper. 

Cobalt-tin-copper. 

Cobalt-tin-ciipper.     .\ddition  of  cobalt  to  bronze. 

Cobalt-zinc-copper.     Addition  of  cobalt  to  brass. 


Additional  lieferences  to  Alloys 

Ducellicz.  Kcsearrhcs  on  tlie  Allcivs  cif  ("nlialt.  These,  nordeaux.  1011.  i  Xete. — .\  eopv 
of  this  |ii(|iei  i-iiiihl  not  lie  dlilaiiieil  in  anv  nt'  tlie  lai;;est  liliiaiies  en  this  I'diitinent.  However, 
the  writer  believes  most  of  the  sepaiate  jiapers  are  inentioned  inicler  the  alloys  of  eobalt  with 
the  (lilTcrent  metals.) 

Gwertler.  On  llie  niagnotiziiliility  of  the  alloys  of  ferro  inajinetio  motals:  Zeitselir.  physikal. 
rheniie.  Vol.  C;'..  VMM^.  jip.  T.'IN.'.. 

rahrenwalfl,  Ternarv  .\IIovs  of  Palladium  aiul  (iold  with  «'iilialt,  Cheni.  .Kbst..  Vol.  eleven. 
1917.  (1.  I.(i2n. 
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rli'i'truhlii'  ilt'torniiiiHlimi  "f  inlmlt 

mill   hi  ki'l    1.1  8.1 

i|iiiiiitiliitivi'  ili'tciniiimliiiii  "I'  mliiilt^ 

iiiiil    iiickri    ".'■  1' 

ii'iii'tiiiiis  of  coblilt    Mill*    "11  71 

(■iini|"iiiiiils    iif     ^" 

l>i'iiv;ilii>ii    iif   li'rm    70 

KlT.'it   iif,  nil  sti'cl    I'|'> 

Kli'iiii'iit'*    ill   nri's    •'' 

r>.'M  iif    *>^^ 

('iiliiilt.  Oiittiriii   { tiiwii ). 

Inili'X  nmii  mIimhiii;:  iiiiiiiiiy  |iiii|ii'itii'» 

at     ..  .: fiicinii  _  2S 

l^,,f, -2,  ?,,  I'M,  4i;.  (iti,  Ciii 

<'iiliiilt  iiilny  stool. 

riiili'il  .Miilos  tiiriff  It 

roliiiltaliiniiiiimii    iill'i\>    ^^ 

Ki|nililiriiiiii  iliiiuinni   !•<! 

riilmltiinliniiiiiy   iillnys    ^^ 

Kiniililiriuni    iliiinniin     "^^ 

Ciiluilt  iiisi'iiii-   itllnvs    !'•"' 

Ki|iiililiiiiiin   iliii^iiini    '•'• 

riiliiilt  liisimitti    iillo.vs      !*■" 

Ki|iiililiriiiiii  iliiiniiiiii    '•'' 

Toliall  liliiiiiii. 
.«.<•   Kivfliiito. 

rolmltliiirnii    iilliiyn ..■•      !*•> 

C.i'.iiilt   liliio   M'nliiilt  iiltinnmiiiic.  Kind's 

liliio.  TlioiJiinVs  liliio,  !i/iiii'  Mini..      ^■■> 

f'l.lmlt    liiiiiizo    **•'' 

Ciiluill    Uiowii     ^'j 

Cnliall  iiiilniiiiiM  iilliiv.a I''') 

Ciiliiilt  liiiliiin    iiUiiys    !''| 

^;l|llilillrilllll  iliatrinni    'I'; 

fulialt    fontntl     -■' 

Tiilialt  ilininiiiini    atlnys    Sti, '^7, '.i^  l<iO 

Ki(tiililiii\iiii  iliaj;iii"i    '•'• 

Ccilialt  cMiiijM. mills. 

As  I'liliiiiiin^  a^i'iits   

lliamls  of.  with  tlii'iv  cnlialt   rniiti'nt 

Coliall  ciililii'i-   alloys     

Kiinililiiimii  iliaurain   "" 

Colialt  ulai 

Sir  roliiillito. 

Colialt  -nl.l    alloys    

K(|iiililiiiMm  iliayram    

Coliall    yioi'ii   or   Kiiiiiiaiiii's    i;i 

Colialtiioii  alloys   

Ki(uililiriiiiii   ili:i;;rani    

Coliallilo    iCnlialt    i:laiiciM. 

Aijji'iitliia      -' 

r.ilialt    -■' 

riiilo    ^^ 

Dosi'iiiitioii,   comiiosition     iiml    oiMiir- 

iiTk  r-     

Moxi.'i 1'' 

Svmliol     -•' 

Rofs I^-I- 

Colialt-loiiil  *Ilnys. 

K(|iiililiriuiii  liianiam    1^' 

riilialtnitis'"'^"""  a"'iys  .. 


^1 

in:; 


1  ti2 

111.-. 

S.'i 


IfMi 


m 

ruit 

rilllHltniHIUJHIIOIH'  HJloyn    l"|j 

Ki|uilil>riiiiii  iliiiKnini   1"' 

Coliiilt  n.otiil.  _ 

ClioniiHtry  of    ''' 

Koloriiiiiiiitliili    of    ciiliiilt     aii'l     lilrkol 

ill    f,']\ 

I'liiiariitiiiii   of    •!.',  "4 

iw  ••'1 

Coluilt   iiiiiiorals. 

A f lieu    y'l  1* 

.\ryoiitiim      -"•  -1 

Cliilo     ^0 

i  liiiiu     ;      -- 

('iiiii|iosilioii  liiiil  oii'iini'i s    ,  .  .  . J  ti,  I  .ill 

Kraiiio,  ilc|Hisits  of  tlio  CliHliiiirlios    11,1'J 

(Jcinuiny  ami   .\ii»triii    •' "* 

(iri'iit    Ilrltiiiii    -I 

Imliii    1' 

llalv     H 

Moxir ''•'■-" 

XoH-    raloiloiiia     1 HI'' 

Now    South    Walos    1" 

^'  1  •'    t ". 

Norway      i.,  i.i 

Ontario     "."J  .!•! 

I'oni     -f 

Russia   21 

Siiiitli    .\iistiiilia    1'' 

S|iaiii      -' 

■Swoilon    '•'•.  1» 

Swilzorlaml     '* 

I'liitoil  Stat.s   17  '!' 

WiitM's  |iriiiiilial  ilo|iosits t.  <'<■'■'•*'> 

rolialtniolyliiloiiiiiii   allii>s    1"^ 

Hi|uililiiiiini  ilianiatii    '"7 

Tolialt.  iiiokrl  ami. 

.\»say  of  ori's  iiinl  spoiss *>- 

T)ry  assay  for    •■ .  ■  ■      S"J 

Kloilrolyiio      ilrtoriiiijiatioii      of.      in 

oxiili/i'il    ores    1 .)  1 1 

Miiililioil   niolh.nl    '>•'■ 

I'lii'iirisivo        niclalliir;;v       of.        1 

nirk.'l    ....Il7-»'.!t 

(.^iiantitalivo     ilcli-rininatioii      of,      in 

i.xiilizi'il     "lOS     I   1,   1.1 

Si'|iaratiiiii  of  zinc  from    ">" 

Soparation    liy    nitniso /^  naplithol . . .      7".t 
Si|paratiiin   I'v  potassium  tiiliito    ....      7i' 

folialtni.kol  alloys lOSllO 

Kipiililiiiniii   ilia^rani    1"'.' 

rolialtiiirkol  loppor    alloys    ll'> 

f'oliall   ocliro. 

.s'd    Kiytliritcs. 
roliallomonilo. 

Cninposiliiin  ainl  nfouriciirrs    .j 

Ciiliall  iixiilo. 

Classilicatioii    illiislratin;;-    irotallnr^i- 

I'al   troatmont   of  colialt   on-. "'- 

lli'i-oinpositiciii    of    arscnii-al    ami    snl- 
pliido  nri'S. 

ill   lilast    furnacos    •"•-.  ".'1 

liy  wot  prooi'ssos   ■'■'■.  '■'•^ 

liv    ilry    piiioossos    ."4 

Dii'onipiisiiiim     of     oxiili/i'il     orrs     liy 

wot    ami    ilry   prooossos    "i 

Doi'ompositioii    of    silioatos     ........ 

Doinaiiil    for,   in  corainio   imliistrios.  .      ^.1 

Kxtraotion  of V.2M 

Ml  tlioils    usoil    or    jiroposoil    to    trout.  . 
I'olialt  oios  for  oolialt  ii\\>ltf  .  ■■ o6 
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Burmu  of  Mines 


No.  4 


fAUI 

CotinU  oxlile — Continuta. 

I'lixliii-tiim,     riiiti'il     HtRti'i     (  IMiHt- 
ll'lT)     lu 

i'rke    tluctUBtiiiiii    115 

Hvt 7t» 

Vte»  of    MHil 

t'niti-it  Htatit. 
|ii'iitliiPtion  mill  im|Hii'tiiM)>ii   (  IhHI) 

1»17)     lit 

tariff   44 

Wiirlil'*    |iroctu('ti(iii    31 

rolinltiihoiiphoMiii   allnvH    Ill; 

Kt|uililirium  iliuKmni   Ill 

CdliBlt  pvritpi. 

Srr  Liiinu'lte. 
Onhalt  Miltt. 

Rt'tctioni  in  the  dry  way  74 

Reaetlnna   of    .' 70-74 

Cobalt  whlirh. 

Frotliirtiun,  Skutlrratl   niinc,   Norway     12 

Cohalt-wlenium  alluvH  ".   112 

rohalt-iiiliron    alloyii    112 

I'^uilibrium  diaKram   I  l.'l 

Col«lt-iilvpr   allovH    112 

Kquilibrium    dluKrani    11.'! 

Cobalt    Rtation    22 

Cobalt-Rulphur  nlloyH  114 

Kquilibrium    diauram    Ill 

Cobalt  ternary  alloya 119-122 

Cobalt-thallium  alloys   114 

Equilibrium  diagram  117 

Cobalt  tin  alloys  llfi 

Kquilibrium    diagram    115 

ColiMlt    ultraninrine    X3 

Cobalt  yellow  (Indian  yellow,  nurrolin)     K) 
Cobalt  zinc  nlioyg   1  IN 

Kquilibrium    diaurum    117 

Cohalt-7.irronium  alloys   IIH 

Coelinp     Kj 

Cooruli'um     85 

Cohen  und  Solomon    5!' 

Cole,  Arthur  A. 

Befs .•!7ii,  .".S/i,  42  and  n 

Coleman,    —    22 

Colorado  mine  of  Chnnnieilln,  Chile    .  .      2<> 
Colours. 

Different,   of  smult    t>2 

Con({o. 

See   Helginn   Congo. 

Coniajjas    Mines    .    24,  Ci.T 

Coniugas  Reduction  Co.,  Ltd. 

bounties   paid   to    4.'? 

Method    of   payment    .''S 

Operations  of   37 

Output   of  smelter    (1908-17)    ."17 

Process  at  smelter    37 

Befs 29,.3.3,  3fi 

Smeltinjj    schedule    38 

Constable  Process. 

See     Herrenschniidt     and     Constable 
Processes. 

Cooper,   H.   S 118 

Copaux,   —    63n,  64 

Copper. 

Cobalt  and,  binary  alloys   102 

Bemoval   of,  from  cobalt-nickel   ores     35 

Copper  Cliff,  Ont 40 

Coppet,    —    53 

Coquiml»o    prov.,   Chile    20 


PAOE 

CiiHuIn,   Hinaloa,   Mfxiro    2*1 

Crown   Kewrve  mine   24 

Cuico   dept.,    Peru    2<* 

l>«chki>»»an,  Knssia. 

Cubnlt  ore  ileposit  at  31 

Dana,  —    is 

Danaite     tl 

Daniel   ndne,   HchneeU'rg    4 

Darwin  and  Milner  10A  and  n 

Dnsehkrssan,   Klizaln-thpol,  Caurasus   . .       2 

IV    Hurirt    81 

Deloro,  Hasting*  eo 38 

Dtdoro  Mining  and  Reduction  Cu.   ,..29,  .IK 
D<>loro  Nmi'lting  and  Refining  Co.,  Ltd. 
Assays,    typical    of    ores    and    mill 

products    .19 

Ilountie*  paid  t( 43 

Operations   of    .18 

Production  of  smelter   (1908-17)    ...     .19 

Refs .1.1.  .1«,  67,69 

Hchedule  of   payment   and  charges. .     40 

Tieatment   of  ores   38,  .19 

D»'nnv,  J.  J 04.  68, 69 

Do  Wilt.  —  34 

Deyell,  —  42 

Diabase   mountain    24 

Dickson,  —    22 

Dickson   ami   Ratte    51 

Uillenburg,    Nassau    8 

Dixon,  —     47 

Dnbslnn,   IIun<;aiy    2 

Dolomite. 

C(d.alt    27 

Dominion  Reduction  Co. 

Refs 65,66 

Doniiiiion   Betineries.   Ltd. 

Hoiinties   paiil   ti 43 

Driver   Harris   Co 100 

Drumniond,    — ■     24 

Ducelliez,  — . 

Ref.-.  ...  HI.  It.:.  102.  lOfi,  114,  116  and  n 

118,122 
Duiiite. 

New   Ciiledonin    14 

Dyk.'ihoff,  —    r>0 

Dyscrnsilc     26 

Kiirthy  cobnlt. 
See  Aslpolite. 

Kdithn  Smalt    Works,   Silesia    46 

Kdwnrds   furnaces    41 

Electrolytic  determination  of  cobalt  and 
nickel. 
Dry  assay  for  nickel  and  cobalt. . .  .82,  83 

In   arsenical   ores    77-70 

Tn   cobalt    metal    80 

In  oxidized  ores   75-77 

Separation   of  cobalt  from  nickel  by 

nitroso-^-naphthol    70 

Separation    of   nickel    and   cobalt    by 

pota.osium   nitrite    "!' 

Separation  of  zinc  from  cobalt  and 

nickel     80 

Electro- plating  with  cobalt. 

Advantages  claimed  for  cobalt  plat- 
ing          87 

Composition   of  solutions    87 


i9M 


Ill4«x 


127 


TAUE 

KIwtro  plutiiijf  with  ro\»t\t—Conlihuid. 
Kilunicntii     for     iiirrniilcwfiit    tliclric 

liini|m     *'J 

Mi'tiilii  "II  «liirh  |pli«;fil  "' 

Ki-fFrfiii'<'i>.    uililitimiHl    1^ 

KliMK  mint-,  .iDHrhinmthiil,  Kuhi'iiiiu  ...  3 

KIk  Ukf,   l'iinMi|iiiie  arrii   -•'" 

Kni|il<'rtilc    -•' 

Krylliiite     (i'iiIibII     IiIimiiii,     timI    nitialt. 
I'lilmlt  iH'liK'i. 

riiii..    -" 

Col-nlt    j-S 

iinli'i-    III'    ili'iKmilion 27 

Dt-wriplioii,  ■•iini|Hiiiitii>ii    Mini    m-rur- 

ri'iu'i'n     ■' 

Mf»i "• 

Hnxoiiv     " 

H.vniM     25 

Tliili  infill      •  2 

Tranp*Brl    In,  17 

KriKPbirui'      ,,** 

KmiKTHlila  iiiiiu',  .Inlinfo,  Mrxico   LO 

Kxwllo,  iiii'Ui'l  rhriimimii   nlliiy    100 

Kalirpnwulil    *-" 

Kairlie,  — . 

AcknowliilKiiifiit    "** 

KallH't,   —    50 

••  Ktiital   mi'lnl  "    "" 

Kii'htel({eliirm'    •* 

Kink,  —   .  •"' 

KiiikiilmrB.    Marylaml    •'.  •* 

Fli'ilmanii,      -    "" 

Floyd  mini',  iii'iir  Hharp  lake -<' 

Fluorite. 

Cobalt    2I..I 

Kootp  ainl  Sniitli   >'>'' 

Kraiiee. 

Colialt  on-  ilcponilo  in   H 

Kroncli  iiii'tho.l  of  iiri'piirinc  small..  •'- 

Frodciirklown,   Missouri    1, :'..  IH 

Frcilwrtr,   Saxnny    - 

Freiviia,    .Vliu'iinin,  Cliilo    -•' 

Krcni-li    .\s>ioi'iiition    fur    the    Aclvmici' 

n«>nt    of   S.'i...ii'fS    '!0 

KriiMlrich.  !••■!.  lUii 

FlllllT.  —    '"^ 

Funk,   —    **"" 

OhIimib.  _^ , 

Cohalt   HI  I'll    -; 

Hyinliol     Hlj 

Wriuht    iiiiiii'    — 

(iarnier.    —    ' 

r.Hiithirr.    —    4il.  5(1.1 

r.enprnl  Kloi-trii-  Co.,  ncrlin   H!».99,  100 

Oeorgp  Works,  Dobschau,  Hungary   ...     46 
German  smalt. 

Analysis  of    "- 

flprmatiy. 

Shipmonts  from  Cobalt  to   '"O 

Germany  and  Austria. 

Cobalt  deposits  of   •>■ ' ' 

Compared  with  Cobalt  deposits <"> 

Oersdorfflte. 

Styria    ,J 

Gibson,  T.  W 122 

Oiehreti,  in  the  Riesengelierge  ^S 

Oistain.  Spain  1-,  -1 


pAon 

«ila>llinmni<'r,  Nwi'tli-ii   •',*•' 

IIIhkkow,  Ht'olland    •^' 

Glasi. 

Vm<  lit  iMiliall  I'linipouniU  for  i-oliiur- 

"'K   *'* 

(lllliirodol. 

Oi'M-ripliiiii,    iMiiiip«i>itiiiii    mid    cui'iir- 

ri'iiiTii    •' 

K.f •' 

(ioilfniid,      -    '"" 

(lolil. 

CiiplMT  and,  binary  alliiy* '02 

dotliii',  Colorado   1" 

Uowitandu     -* 

(tovenerhi-H  mine,  Chile  20 

OrniKl  Trunk  Kailwiiy  >«.  <2 

Grant  eounty.  Oregon. 

Cobalt  ore,  de|i<>»its  of   II 

analyiis  by  BurruwA  18 

drav  eobalt  ore. 
S'rr  Hmnltile. 
Great  Hritnin. 

Cobalt  ore  iieeurreneew  in    21 

I'roiluction,  fobnit   anil  niekel   ( IHflO- 

ItO)     21 

Gros»«'-Bohle,    -      5fl 

GroKsniann  and  Widmeek   *'^ 

Grunwald,   —    •'I* 

Giiadaleanal,  Andalusia.  Spniii    21 

(tiianaeevi,    Diiranno,    Mexii'i 20 

Giiertler,    -   .  .»lii,  V?,ii,  M,  !•><«,  102,  10«» 

10«  and  n.  112  and  ii,  114  and  n, 

I  m  and  n,  12? 

Giiertler  and  Tamanii    104,  1 10 

Guesneville,  -  -   •'>''  and  » 

Guillet,  -     10.1  and  n 

<iiiillet   and  Godfroid    100 

(]iiiternian,    —   -W 

(iiinmiite.  Saxony    7 

Ciiiiinisiin  eniinty,  Cnl. 

.Xnalv.xi.i*  of  nilialt  nie  by  Diiim  ....      T* 
Owyir,'  —    .' *>'■• 

Ifailtield.   -  -    lO.l  and  ii 

llnkiinsbo,  Sweden    '< 

Hall.    Trendwell    70ii 

Hainbcr^'  mine.  West  pliiiliii   2 

Ifamilton.  —   ♦'4 

llnndy  and   Hiir  .mi    ."iS 

llnnes,    —     5( 

Unr/biirgite    14 

Haiier,  —  56 

llaynes,   —    !'!'  and  ».  100 

Heiird,    —    60 

Medvall,  —   f>*n 

Helme,   —    «4 

llerrensehmidt   and  Capelle   36 

llerrensehmidt       mid      Cuistable      pro- 
cesses     44  4S 

Herrenschmidt    piiKTs-i    !)(> 

Ref 36 

Hermkotadt,  —    54  and  n 

Heteroyeiiite    ( U.-ubmhite,   Winklrrite;       5 
Heubachite. 

See  Heterogenite. 

Hibbard,  —  100, 106 

Hiege,  —  lOS  and  n 

High    Falls    42 

HirtE,  —   63ti 


m 


Hursau  ot 


lliwfTiirr,            57 

lltiihlii  mill  Tiikiiui   10,1 

llixkiiw    HIiTirii-  Cii 1<1>,  HMi 

lluxkiiKi    Miiliiil'iii'tiiliiiu    (' |)MI 

llllioi'ii,    «'liilr    1', .'»,  :.'n 

lltiiUiiii    Itiiv    iiiiiic    'il 

lliiiiiMiuiiiii,  lilt  mill  n 

llvl.iiiiili  ,       •    r»5 

ll.dliii  h.liitrir     I'liwiT     <'i>iiiiiiii'iiiiiii     iif 

Oiitiiii ;',!l 

llll|M>it    illlty. 

«'nl,i,|l    ni'r.    I'llill'll    Sliilix    tl 

liiilih 

<'..!. nil     nil'    ori'ill  li'liri'^    ill      17 

Iniliiiii    ii'ljiiu    >."i 

liiti'i iiiitiiiiiiil   Miilvliili'iiiitii  I'll i'.'i 

Iron. 

KriiiiiMil  iif,   I'riiiii  riiliiill  iiii'Ui'l  iin"<.  .'i'l 

riiliiili   mill,  liiimiy  mIIum.    Ili| 

Iwiln'riii    H  irk!<.    HilrKlii    ','>'■'> 

lliil.v. 

I'lilillll     nil'    ill'liiinitM     II 

llinliiilr,  I'liiliiiiiliiiii,   Mi'xil ;!<> 

^Hi|iiiriti'. 

(*nlll|iii>>itiiill .  ,'l 

.lltlisro,     Mrxirii     'Jl< 

.luiiirki- ,  .  .  1 1'.>   II III!    II.  Ilj'j 

JnxsiiMi'ix,            '.'.'i 

•(niii'iiiliii'tliiil,    lliihriiilii. 

Miiiriiils  ill   nii'k  M'iii^  iil    i'> 

N.iliH  liy   IMiiHi|i»    >> 

Nulls  li\    Villi  I'lillll    7 

Ri-f..    .'. U',  •-' I, -'<i 

.IllllllMill,            .'i7 

.liililii.liilir.             .'lU 

.Ilitli!*.             'i** 

.Yii><r)>tiiMi-    ttiillr,    I 'lilit'nl  itiii '• 

.lll/il.      Ihlllli'  lilinilillr      1^ 

KillMl I'l.    111-.',  IIX 

Kiikini-liii,   Sui'ili'ii    1.' 

Kniiiius, 

Itrf, <::;ii.   lit...    M-..    '"In,  III! 

Ktiliim-  iin.i    r.liik.' H'l 

Kiilli-nlMi'.;.     S«  i1/i'il:iihl      II 

Kmirk.. I"l.  II-' 

Krrwnliii   1'xi  iiKit  inn. 

rnl,;il|       ■2l\ 

Krili- "•,-imiil  /. 

Ki'N.  \    iiiinr.  I  III :i 

Klii'iii    iiiiiH  -     lii.liii     J.  17 

Killiiiii.'v,    li.I.-iM.l     ■" 

Kill:;    IMvMii'l    11-11  I-    -1 

l\iii:;'>    l.liir    ^"i 

KiikjiMt  1  i.-k.    I'mf.    S.    v..   l^iii'iMi'^    I'ni 

\ri>!l\'.     I\!ll^*lnll. 

.NrkniiHir.l^ Ill:-      I'lH.  i;;'.  IJU 

XIrrllilllr>,    mr.llll    liwiipll'.l    In     llH 

\lv(~     ::!',iii 

Klriii^riiini'ii,             '■' 

Kii's|,iT,        ; tilt 

Kniylil. 

Null's    li\.    i-nliiillsilviT   nn>    -7 

Kofs.  .: ■^■^■•:7 

Itnitlicl ''^11" 

•tKnl.nl. 1"     :....■  "i« 

K()lili'iil.;ii'li    Tiiiiii'.   Si.'unii    .lisl.,    I'lussiii  ."i 


Minm                                          No.  4 

FAOB 

Kn  iiiiiM',   Nnriliiiitik,  Hui'.l.  I S 

KniiKKlxTif, 

•  '..liall    ili'|i.i«il»  „<    11' 

K»ii»tniiliiiii»,          \l)\! 

Kiiwiilkl    HT 

Kriiiit,    (Inii'llh    '((n 

Kfl|.|..      ■   5fl 

Kiiij»    livi-r    17 

Ki'M'l'.   -       S!» 

Kii|.l'ri«i'lili'fi'r,  Tliiii  iiiaiii    h 

Kiiiiiiik.itt  mill  l*.i.lkii|>«,irH   0! 

I.iiki'  Tlnii^ktiiiiitiu    .  , , Ji; 

t.mii  II  II  ulii'k     ii.i.,     '  »i. f.ir     liliH' 

uliii'i'  "  ) ♦!:; 

I.lllll|llll|lll_t  If  llikl'H,   Sll\nll\     7 

'•"'"''•.       " 57 
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Standard    Smelting;    and    Refining    Co., 
Ltd. 

Alisoriitiou  of    '^Y, 

IJountics  paid  to   -iS 

Steel. 

Kffect  of  coliiilt   on    1"** 

•  iStellite-      S(i.S7.0S-10<. 

Stellite  allovs. 

.\iialyses   ^ 

Stcpliaiiite. 

Holieniiii    <> 

Sternliergile. 

liohemia    ." 

••  Stieulilau"     •'! 

St  roineyer.    —    53  and  n,  55h 

Sulphaiitiiniiniti's. 

Colmlt -•' 

Sulpliaiseiiides. 

Coliiilt    -5 

Sulphides. 

C.dialt    25 

Siilldiolpisnuithites. 

Colmlt    26 

Sulphur. 

('(limit  ami.  liiiiaiy  alloys 11-* 

Swansea.  Wiile>    I'' 

Sweden. 

Cidmll   ore  production   (1870-93)    ...  1" 
Switzerland. 

Coliiilt  and  nickel  oie  occurrences  in.  14 
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Sychnodymite. 

"Compiisition  and  occurrences 5 

Sympathetic   inks    86 

fajon  del  Veso,  Chile 20 

Takagi    ^05 

Talc. 

Xew  Caledonia    1* 

ramann,  —  IO^.IONh.HO 

TaialiiUos,  Chile   2.  20 

TeiiHsserim      1' 

Ternary  cobalt  alloys  1 1'.'-l-!- 

.Type  diagrams    120 

Tetrahedrite. 

Itohemia    6 

Saxon  V    7 

Symbol    26 

Tliiillium. 

Cobalt   and,  binary  alloys    lU 

Tlienard's  blue    *'S 

Thorold,   Ont ^' 

Tliiiringia     ^ 

Tilloch,  —  •">•"»''•  J'"' 

Timiskaming  and  Northern  Ontario  ry.     22 

Timiskaming  mine   23,  24,  20 

Timiskaming-Heaver   mine    23 

Tin. 

Cobalt  and,  binary  alloys 116 

Tophet,  nickel-chromium   alloy    100 

Transvaal. 

Cobalt  ore  occurrence  in   10 

References    l*"'.  17 

Tr  insvaalite. 

Composition  and  occurrences fi 

Ties  Puntas,  Chile  2, 3 

Trethewey  mine    24 

Tschugaeff,    L "8 

Tunalierg,  Sweden. 

Cobalt    ore    deposits    13 

Refs 2,4 

Tungsten. 

Cdbalt  and,  binary  alloys    IIS 

I'liion  Miniere  du  Haut   Katanga.   I?i'l- 

gian  Congo    17 

I'nited  States. 

Cobalt  depo.sits  of    17-10 

Cobalt  oxide  production  and  imports 

(1869-1017)    19 

Importations  of  ores  from  Cnbalt    ..     -".0 

Production    17,18 

Refining  plants  in    .30 

Tariff  on  C<dialt  products 44 

I'nited     States     Metals     Refilling     Cu.. 

Chrome.    N..T 30 

I'laninite  or  pitchblende. 

Rohemia    0,  8 

Saxony    7 

Cranium. 

Germany   and    .\iistria    (i-"* 

rranochalcite. 
Saxony    7 

I'ranochre. 
Saxony    7 

Val  d'Annivier,  Valais 2 

Valais,   Switzerland    14 

Valla  Ifermoso,  Argentina. 

Cobalt   deposit   at    20 
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V«nn,  Swfilfn   2.  n 

Vorloop.  c.»     •  e 

Xot  H  oil  ores  of  SchladminK,  Styria      n 

V«a  BlBnca,  Chile - 

Vigouroux,  —   '   * 

Vivian.  —    „^ 

Voft.  —  — 

Von  Cottn.  — . 

QiK)tp<l  on  rocks  of  Joachimsthal  <lis- 

♦"••t   gi 

\orfniann,   —    "'- 

Wad.lert    102. 110  an.l  ,. 

Waeke. 

Definition  of  term   ^n 

Wnckriibroder    S**" 

Wad. 

See  Asliolite. 

Wagner.   —    49n,  3<>n.  fir.n 

Wahl,  —    1"-" 

Walker,  —  "2 

Warlimont,  —  ^^ 

Warren  process   50 

Weiss.  —   104.110 

Weiss  and  Block 112 

Welland  Canal    •'" 

Western  Union   Telegraph  Co 3S 

Westerwald  dist.,  Germany   4 

Wettlaufer   mine.  South  Lorrain    24 

■'  Wet   Pesiilphiirising   process "    67 

Wheat  Spnnoii,  Cornwall 2 
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Wiggin  ami  Co..  II..  Birmingliani.  Kny.     :jO 

Wiggin  and  .lohnstone   -Jj 

Wilson.  M.  K 

Willvamite.  „ 

("(Imposition  and  owurrenc.s •■ 

Winkler.-   ""■  "* 

Winklerite. 

Sir  Ht'terogenite. 

Witticheii.  Baden    ^  I. 

Wiftstein.  —     ;  •  •   •';'" 

Wohler.    -    '*»"•'» 

Wolfach.  Black   Forest    .  " 

w.'iff.  - "••;;; 

Wright,    —    .,., 

Wright  mine    ~ 

..  104 

\  enseii,    — •    

Zaffer.  ,„ 

Definition  of  term   ';' 

Ref „ 

Zechsteiii.  Thuringia    

Zemcviiziiv  and  Belynsky   J  '^ 

Zemcnuny  and  Schepelew   '  1-" 

Zinc. 

C.dialt   and,  binary  alloy   .•••    "« 

SopaiatioM  of,  from  colmlt  and  nickel     s" 

Zirconium. 

Colialt   and.   binary  alloys    "■* 

Zschorlau.   Saxony    


